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Material for the Annual Handbook of Design was gathered from a wide 
assortment of publications and technical society and association papers. 
Principal sources are listed on these pages. While not every publication or 
technical society is represented in this current issue because of the special- 
ized nature of their interests, each helped considerably in providing a back- 
ground and an index of engineering trends and development in their 
fields. Product Engineering also was a subject and reference source. 
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RMI te 
It was my privilege at this time last year to write an year's editorial material would be representative of the 
introduction to the Annual Handbook of Product Design important design developments of the past twelve months 


for 1953. At that writing our editors and myself could only 
hope that our first Handbook would prove to be as useful to The editors attended all important engineering and tech 
you, and to all other Product Engineering readers, as w nical society meetings, covering the United States and Can 
had planned it to be ida from coast to coast. All the important design engineer 
ng centers throughout the eastern and middle western 
We knew that such an annual report on the year's most states, including the industrial south and as far west as 


significant design engineering developments was needed Denver were visited many times during the past year by 
Thousands of hours and cumulated editorial skills went the editors, and the West Coast was covered by both editors 
into its editing to achieve the objective, namely, to make it 1 McGraw-Hill correspondents 


| | 
a significant contribution to the design engineering profes 


sion. The degree to which we reached our goal was to b The results of their industry wide contacts will be appar 
determined by the usefulness of the book to our readers nt to you in the editorial pages of each of the ten sections 


which follow. And I think, that as you read this 1954 Hand 
A full year of your use of the 1953 Handbook is behind book you will share with all members of the Product E» 
us and your judgment has been pronounced. The comments gineering staff a common pride in the record of design en 


; p mot 
you have made in the more than 1,000 letters that you gineering progress which is written on the pages of thi 
wrote to me personally were very encouraging. This respons book 

to our initial effort was warm and enthusiastic. In additio: 

to the personal letters, more than 30,000 requests ha As I have mentioned before, this issue incorporates 
been received to date from Product Engineering s readers, | number of new features and improvements. There are almost 
requesting additional information about the editorial articles — 100 more editorial pages than last year. Its thumb indexing 
and advertisements that appeared in last year's book feature is obvious. Undoubtedly you will also like the new 


ntroductory pages to each major section. By means of the 


As a further indication of the value of the Annual Hand listing of the sections along the right-hand page, any se 
book of Product Design, product design engineers wh ion in the book can be turned to immediately by using th 
were not amone | xoc. 2M eo. haia Ras "e didt line thamb enide tch cutout. On tl 

ere not among oul IDSCTIDCI 1 nis ia yeal N Orresponding thumb guide or notch cutout n re revers 
pressed their enthusiasm by entering new subscriptions to side of the "section divider" is given the table of ntents 
Product Engineering in record numbers. The result is that for that section 
this 1954 Handbook is being mailed to more subscribers 
than hav M ved a previous issu publicatior Because the 1953 Handbook clearly proved its continuit 


f 
| 
ference value, we have taken particular pains to make a 





Your ptat raged to make this new iss ndexes as detailed and convenient for use as possible. W 

en better. Toward this end you made a number of cor ilso think you will be particularly glad that indexes to th 
structive suggestions, and I am glad to report to you that 1953 Handbook are repeated in this year's issue. These tw. 
wherever poss th suggestions have been incorporated | Handbooks are designed to be used together, and therefor 
n this 1954 Handbook. You will find more editorial pages | cross reference between the two is implemented by thi 
| wider coverage of each field of design engineering year’s inclusion of detailed indexes to last year's editorial 
progress, and more use of both color and illustrations ives 

Editing f his y s issue was under way even befor Our editors again have drawn article material from 
your 1953 copy reached you last November, and continued rge and varied array of the world’s best technical publ 
every day since. When work first began, McGraw-Hill cor ns. The sources reviewed by our editors are listed for you 
respondents throughout the United States, and at all nen page 2. We gratefully acknowledge the cooperation 


P 1 $ 
enters of design engineering activities abroad, such as I | these magazines, and of the various authors whose articl 


don, Stockholm, and Frankfurt, were alerted to their re re included. Your 1954 Handbook also incorporates much 









sponsibilities in contributing to make the 1954 Handbook a nformation that has been made available through technical 
notable achievement. One of the particular assignments of ssociations and engineering societies. When several papers 
McGraw-Hill editors abroad was to keep in close contact ied by these associations and societies have covered th 
with all meetings of the major national and internationa same general subject, or where they have to some extent 
engineering societies in each important foreign country \ rlapped article material that has appeared in technical 

publications, the information has been consolidated into on« 

On the home front, our editors traveled extensively a irticle by our editors, with ippropriate cr lit t ch 
the vear "nm their efforts ta n i > sure that this — — nos 
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In numerous instances, our editors found it wise to add 
additional information available to them from their own 
field investigation and research. They also included a num- 
ber of articles that have never appeared before and were 
written specially for this Handbook. The foldout chart in 
the Fastening and Joining Section is a typical example of the 
original material developed for the 1954 Handbook. George 
Kendall's excellent report on "Simple Methods of Checking 
Product Cost" (Section A) is another good example. For 
space, 
articles have been edited and condensed so that they include 


purposes of maximum information in minimum 
only the truly essential and basic data that fit best the pur- 


an engineering Handbook like this one 


pos s otl 

Another addition we feel you will like is the inclusion of 
a group of short highlights covering developments that will 
break within the next year or two, but which have not yet 
been carried to the point where complete technical infor- 
mation is available. By next year, many of these develop 
ments will have reached the stage where we can report them 
to you in detail. Others may not, but each is potentially im 
portant in the design and engineering field 

Several features that from 
you have been included again in this year's volume. One 
that we think you will find particularly valuable is the list 
of outstanding new books in the engineering field, pub- 
lished not only by McGraw-Hill, but by other leading tech- 
nical book publishers as well 


received excellent comment 


Because they guide and speed your continuing use of the 
Handbook 


and 
! 


ingexes IS 


ll indexes contained herein have been expanded 
nproved over those in last year's issue. Each of these 
mportant to you, and include the following: 


* An introduction to the 10 editorial sections 
* A detailed index of articles 
* À detailed index of editorial content by subject 


An article index to the 1953 Handbook 


* An editorial subject index to the 1953 
Handbook Page 12 
An index, by product classifications, to all 
products advertised in this issue Page 14 
An alphabetical index, by advertiser's nat Pag 


[In particular reference to the two last-mentioned indexes 
may I take a moment to remind you of the real contribution 
that our advertisers have made to this second Annual Hand 
book of Product Design 


The information contained in the advertisements suppl 


ments our editorial material in the best way possible. Com 
main, listed th 


panies fabricating materials have, in the 
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outstanding applications and included detailed data on the 
mechanical and physical properties, and even suggestions on 
where such materials should not be used. Manufacturers of 
electric motors, fluid pumps, motor and control valves, in 
dustrial engines, and all other components have cooperated 
in the same way. In many instances, detailed data covering 
new products appear in these advertisements for the first 
time 


All of the Handbook's advertisers are anxious to give you 
any additional information you would like to have. They 
will be glad to tell you, if you are interested in knowing, 
whether an advertised product can be successfully applied 
as original equipment in the machinery or appliances you 
are designing. Post cards are provided, in this section, 
through which you can request additional information and 
assistance from advertisers. Please feel free, also, to write 
directly to any of these advertisers. The post cards are 
simply for your convenience 


And may I call your particular attention to the new cata- 
log announcements in each section. These catalogs have been 
carefully screened. From these, alone, you can collect addi- 
tional data and they will be invaluable reference sources to 
you in the years to come 


In conclusion, then, may I join with the editors in ex 
pressing the hope that you will find this new 1954 Hand 
book an invaluable addition to your library of essential en- 
gineering knowledge. Remember that the 1954 Handbook 
in no way duplicates the information contained in last 
year's issue. These Handbooks are designed to be used to- 
gether, and the 1955 Handbook will again supplement and 
Our 
end purpose is to give you, as each year brings you its new 


add to the data contained in these first two editions 


Handbook, a complete library of fundamentally significant 
design data which cannot be replaced or duplicated 


These Handbooks are yours as a Product Engineering 
subscriber. And because they are yours, we hope you will 
want to write to us and tell us, once again, how you feel 
about them. Give us your reaction to the new features in- 
corporated in the 1954 issue, and please let us have your 


suggestions on how still further improvements can be made 


; g 
Publi ner 
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SECTION D FABRICATION AND PRODUCTION PROCESSES 
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Designing Stampings for Ecor 
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New Books 
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CTION G—FASTENING AND JOINING 


How the Unified Screw Thread System Will Be Revised by T. Affleck... 

Small Rivets for Big Jobs by Robert M. Gordon .. : 
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Cold Welding of Aluminum by Norman Grossman. 
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New Books 
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New Books 
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Heat resistant 
Helical 
Honeycomb, aluminut 
Hydraulic cir 


Gyration, 


casting all 


wire springs 


surges in 


H 
H 36 
H 25 nings, 


:- Lubri 


ants, 


Product Engineering — 1954 Annual 


Handbook 








Ioricatecd nponents 


Machining, zirconium 


Magnesium, metal 


Magnetic brakes 











1 
Manuals, instruction 
| 
| Mastics, organic barriers 
) Mechanical governors 
n Metals, attaching glass 
brazing 
5 old extrusion 
6 ym posite 
1 rrosive protecti 
6 known types 
) paper-thin 
ü powder 
idioisotop 
1 eet parts 
() velded combination 
Metallic bellows 
) Moment of inertia 
Q M tor, ai 
direct current 
NEMA standards 
6 polvph S 
5 sma 
quirr ig 
torque 
universal 
vound rot 
id) 
—N 
1 ^ 
v n nn t l gc 
)/ a s e 
Navy, instruction manuals 
NEMA standards, inte 
{) 
torque mot 
] Lat 1 
Nicke eta 
pa thin 
Nitril 
Oil dirt n | 
Organ! S 
7 hlorin 1 rubb 
M. d 
nolic-drving 
1 t ne ut 1 
: iid 
p 
P H 
I 
) 
I ine 
1 Ig 
AC i 
i 
eno 
Q 
| Bi 
enoi! ar yıng 


\lyester, glass rei 


olyethvlen 





Lubrication, cold extrusi 


-—- 


tolerance for stamping 


Magnetic particle clutches 


B 28 
D 32 
) 15 
) 20 
D 1! 
E 21 
E 8 
A 3 
C l6 
H 38 
G 1 
G 12 
D 30 
B 2 
( 14 
B ?() 
B 32 
p 28 
a | 
X 
G? 
I 
H 24 
J 12 
H 12 
H 8 
H 1! 
H 18 
H 10 
H 10 
H 3 
H 12 
H 10 
4 5 
H 8 
H 5 
B 21 
p 32 
F 8 
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nvl C1 
vinylidene chloride C 21 
Pivots, flexure F 14 
Plate, heat exchanger F 6 
Polyphase motor H ll 
Porous components B 29 
Potentiometer, measuring device H 17 
precision | 26 
Powdered metal B 28 
Power amplifiers I 12 
Power transmission, clutches E 8 
Precision castings D 3 
Press, large forgings D 15 
Pressure type connection G 35 
Pressure surges, hydraulic J 
suppression J 10 
Projection welding G 23 
Properties of, aluminum casting 
alloys D 23, D 25 
aluminum forging alloys D 12 
ceramics C 26 
exon C 8 
430 steel B 22 
heat resistant casting alloy B 18 
kel-f C7 
known metals B 20 
polyester glass molding compounds C 10 
eel D 30 
Teflon C 4 
thermal insulation C 24 
302 steel B 22 
'irconium B 8 
mand 
Radioisotopes A 14 
pplication of A 16 
Radius of gyration H 29 
Radon, radiois tope A 17 
Rare metals, composit B 27 
Ratchets, sheet metal E 12 
Rectification transformation 1 6 
Rectifier circuits 14 
Resistance welding G 23 
Ring grooves, axial gs F 20 
Rivets, small G 6 
Round bar slid s F8 
Rubber, design F 1? 
hlorinated rubb CH 
natural rubber C 19 





“ne 


neopr 


nitrile rubb 


Safety circuits, a J] 18 
lectrical ] 18 
hydraulic } 18 

Screw thread, unified G 

Seam welding G 2 

^ tion, detectic n 28 

drodynamic desi 27 


implified drafting A 10 
ile mesh, gear train E 14 

Il motors H 10 

t € ( 
Spinning vs drawing D 34 
iral heat exchangers F ( 
Spot welding G 2 








Sprockets, sheet metal E 12 
Squirrel cage motors H 10 
Stampings, design of D 6 
Standards, electrical following I 2 
NEMA H 8 
Steel, castings D 3 
clad B 26 
cold extrusion D 3a 
metal B 21 
powdered B 29 
tolerance D 10 
Styrenated alkyd resins CH 
Sulphur, radioisotope A 17 
Swaged housing, axial thrust 
bearings F 20 
Sweat cooled components B 29 
Symbols, electrical following I 
Synchro, measuring device H 14 
Synthetic finishes CH 
am $ 
antalytic capacitors I 21 
Temperature, casting alloys B 18 
effect on brazing G 13 
'irconium B 11 
recommended brazing G 13 
Thermal insulation material GM 
l'hermoplastic resin C 14 
l'hermosetting resin C 14 
Thermostat metal B 27 
Tin, metal B 21 
powdered B 28 
Tolerance, ferrous strip and sheet D 11 
forging, closure D 19 
mismatch D 19 
non-ferrous strip and sheet D 1! 
precision castings D 4 
vets G 6 
shell molding D 28 
springs F 24 
stamping D 9 
l'orque, clutches E 8 
motors H 
l'ransistors | 18 
Trends in heat exchangers F 3 
Tubular heat exchangers F 3 
Tungsten, metal B 21 
Two mesh gear trains E 16 


icuum tubes, diode 
triode 
'acuum system, design J 


^ 


Valves, gradual closure 

rapid closure 

vacuum J 
Vanadium, metal B 
Vinyl, resins C 
Voltage, amplifier [ 10, I 


analysis 


Welding, cold G 
430 steel B 
resistance G 

Working, zirconiun B 

Worms, sheet metal I 

Wound rotor moto H 


nti 
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SECTION A—GENERAL ENGINEERING 


Cost Estimating Principles and Practices by Lawrence E. Doyle. . qe ciate vaca Pa 
Investigating Friction and Wear With Radioactive Tracers by J. T. Burwell and C. D. Strang. 
Controlling Engineering Design Changes by Allen T. Wilson 

Improving Engineering Department Operation by States Mead. 

New Books... pn 


SECTION B—METALS AND ALLOYS 


Boron Steels: The Basis of Selection by H. B. Knowlton 

The Status of Titanium and Titanium Alloys........ f M 
Magnesium Casting Alloys Containing Rare Farth Metals by J. C. McDonald. . 
Wrought and Precision Cast Alloys for High Temperature Service by Howard Scott 
Metal Refractory Alloys by W. G. Lidman and H. J. Hamjian 

Molybdenum . . . Our Most Promising Refractory Metal by ] i Harwood 
Properties of Chromium Stainless Steels. . . . 

How to Select the Proper Hardness Scale for Testing 

New Books 


SECTION C—NON-METALLIC MATERIALS AND FINISHES 


Glass Fiber Reinforced Plastics 

Organic Finishes for Metal Products 

Industrial Porcelain Enamel Coatings by Edw ard Mackasek 
Inorganic Finishes for Metal Products... . 

Foamed Plastics: New Engineering Materials. 

Impact Properties of Molded Et thyl Cellulose 

Properties of 17 Popular Modern Rigid Plastics 

Properties of Natural and Synthetic Rubbers en 
Designer's Guide to the Properties of Neoprene by R. W. Malcolmson 
Now: Nylon Parts for Ball Bearings by F. W. Recknagel 
Developments o Watch j 

New Books 
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SECTION D—FABRICATION AND PRODUCTION PROCESSES 


Why and When to Specify Gears Formed by Powder Metallurgy Casting . . . Extrusion 
Cold Drawing Plastic Molding 

Which Surface Hardening Process? 

Basic Design for Small Part St ampings by D. A "Rog rers 

Commercial Tolerances for Die Casting by H. K. Barton 

Hot Pressing of Powder Metal Parts by Jerome F. Kuzmick 

Sheet Metal Bend Allowance and Correction Charts 


New Books.. 


SECTION E—POWER TRANSMISSION 


Synthesis of Gearless Differentials by Michael Danilofi 

Low Cost Methods of Coupling Small Diameter Shafts ; 

Ten Different Types of Splined Cor tions by W. W. Heath 

How to Select Fluid Couplings TET 
Elastic Elongation of Chains by L. H. Whitney and P. M. MacDonald 
Friction Wheel Drives Designed for Maximum Torque by Rudolf Kroener 
Precision Measurement of Shaft Speeds by Oliver V. Riley. 
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Selecting the Right Flexible Shaft 

Shotpeening as a Factor in the Design of Gears by John C 
Developments to Watch 

New Books. . 


SECTION F—DESIGN ANALYSIS AND MECHANICAL PARTS 


Predicting Operating Temperatures of High Speed Cylindrical Roller Bearings by E. F. Macks, 
Z. N. Nemeth and W. J. Anderson 

Radial Deflections of Rotating Disks with Constant T hickness and Central Hole by L. M. Porter 
Designing for Less Friction by J. M. Eastman. 

Desig n of Flat-Wound Tension Springs by R M. Conklin and D. R. Forry. 

Gasket Materials and Joint Design by E. C. Frazier 

Eleven Ways to Oil Lubricate Ball Bearings by L. L. Williams. ... 

Graphical Differentiation . . . Done With a Mirror by J. M. Ramrath 

Elastic Rubber Cushion Springs by Robert Iredell.... 

Vibration Nomograph by George F. Forbes 
Toggle Linkage Applications in Different Mechanisms by Thomas P. Goodman 
Circular Nomogram Theory and Construction Technique by Edward C. Varnum 

Dimensional Tolerance Charts for Helical Springs by C. H. Sacks 
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t 


New Books.... 
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CTION G—FASTENING AND JOINING 


Unified Screw Thread System 


Properties and Uses of 43 Adhesives Classified According to Chemical Type by N J DeLollis 
Recommended Design Details to Reduce Corrosion by Fred M. Reinhart 

Design Data for Metal Wire Stitching. ... 

Silver Brazing of Nicke ‘I Alloys x 

F astening of Inserts in Molded and Cast Parts 

Joining Aluminum by Spot Welding by Coleman Rap sh: rel. 

New Books. . ae ae et 


SECTION H—MOTORS, ENGINES, AND CONTROLS 


How to Select Electric Motors and Motor Controls by Victor J. Kropf 
Increasing Tube Reliability in Industrial Circuits by D. G. Koch. . 
Analysis of an Electronic Motor Control System by E. F. Kubler.... 


Operating Characteristics of Servomechanism Drives by W. O. Osbon 
New Books.. 


SECTION I—ELECTRICAL AND ELECTRONIC COMPONENTS 


Magnetic Amplifier Circuits Operation, Design and Application by Lester W. Buechler 
Some Thermocouple Details for Temperature Measurement by Howard W. Cole, Jr 
Your Next Switch Selection Problem by A. L. Riche 
The Differential Transformer for Control . . . Indication by W D. MacGeorge . 
Strain Gage Accelerometers and Pressure Transmitters by G. O. Haglund 
Self-Generating Accelerometers by G. K. Guttwein and A. I. Dranetz 
: ransducer Circuits for Control Applications by T. R. Breunich 
ndustrial Tristimulus Color Matcher by George P. Bentley 
^ w Books.. 


I 


CTION J—HYDRAULIC AND PNEUMATIC EQUIPMENT 


r Lubricated Bearings by Paul M. Mueller 
Pun Manufacturers Recommendations for Hydraulic Oils b» CA Schmidt. 
Pneumatic Standards for Industrial Equipment 
Operating Principles of Some Liquid Flow Meters by Howard W. Cole, Jr 
Multiple Pressure Hydraulic Systems by H. L. Stewart 
Sequential Operation of Hydraulic Cylinders by H. L. Stewart DES 
Synchronizing Piston Movement in Hydraulic Cylinders by H. L. Stewart 
High Pressure Seals for Process Equipment by Walter Coopey 
Flow Rate Conversion Chart by Nils M. Sverdrup 
Eight Basic Hydraulic Accumulator Circuit Applications by Edward M. Greer 
Lubrcation Seals for Rotating Shafts by J. R. Fawcett 
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—A— Coatings, inorganic for metals CL 4 back, in magnetic amplifiers I 6 
; d magnesium, HAI C 33 servomechanism H 24 
Accelerometers | 29 b ' i 


» e Neoprene C 24 Finishes, inorganic, for t C 
selt-generating I 2 1! à 

LE organic for meta cr magnesium, HAI ( 
strain gage l å 





1 alo; > 1 ] re ic r metal * £4 
i . yorcelain enan ( ü ganic, for metals C 6 
Accumulators, hydraulic B 3 E Lg 14 
Adhe : > e Cold drawn gears D 8 Flame hardening D 14 
Adhesive ; ( i ; i 
1 1 Color matcher, tristi | 32 Flat-wound tension springs F 14 
Air lubricated bearings | é i < do c s 
n 1 i Computer, component rentia I Flexible shatts E 24 
Alloys, aluminum, spot welding of. G 18 a etel cuisses I? Flow 2 1 0 
> ontrol, mag IC 4 I rete g 
magnesium, high temperature B 14 ! T 
a refract : a n motors H 8 quid I s F we 
metai acto D ; 1 1 1 - 
noi Denn e n ?4 electronk H 18 Flow rate chart ] 2 
molybdenur B 24 Phe m ; i i i 
Sidi. aii : ) i mote, flexible shaft E 25 Fluid couplings E 12, E 31 
ickel, silver brazing of ; 14 i : "iiin : 
nass. | p a servomechanisn H 24 Foamed plastics C N 
steels, boron ] us i 
i switches I | Forming, metal stamping D 
titanium B : 


transducer circuits 129 Frequency control, magnetic amplifiers I 5 


1! 
wrought and precision cast for hig t i : 
5 Aim transformers, different | Frequency standard, Bureau of 


temperature B . . . 
(ee oe p 14, Corrosion resistance CH Standards | 
Aluminum, magnesium-zinc alloys B 14 cca - i i 1 
heet ; h tit p 1? aluminum, spot welded G 20 Friction, investigating with tracers A 10 
sheets, comparison with titanium B i 1 
c i metal, shapes and joint G 1 n of F 8 
spot welded G 18 


. . Couplings, eddy current H 26 vheel d I ) 
Amplifiers, magneti I E 
^; i 


: fluid E 12, E 31 
self-aligning F 3l diis 
Xf shafts E 8 
splines E 10 ngm 


c-casting, molybder ! R 


T - 





Ball bearings, lubrication | Q Cost, estimating A ? m t p 
šearings, air lubricated ‘9 motors and control H 13 A AR S 
ball, lubrication C 31. F 18 spot welded assemblies G 24 year, fal " E 29 
Nylon parts for o a. Curve analys F 20 — iring. pr S r 
friction F& Cycloidal cam F 29 umps mS 
roller F? Cylinders. hydr 0 7174 Q 

I 





reinfor« 


d plast 


il differentiation 












=i iane 
tolerances D 20 

| | | ) romium stainless 

ifferentia rear I H 

il I Ss [ i l t Á uu 

—( Differ ^nt! lr nefor y I T ^O pp rig 


fferer B 
: i Differentiation. graphical FX 
Calipering, with differential trans ff PN <= Heat treat T 
Ls Disks, deflection of rotat I 
former I 2 pg E j4 t B 30 


rives. flexible s ft | 1 

Lams, cyi loida! I X) D ves, fl X — n 1 B £ 
fluid upling F 12 

Carburizing D 1? PE x ~~ F hig x NW. 1 

D Iri ton wne } > 

















Casting, di 


gears 






























investment D 
Cellulose adhesives G Elastomers, N (4 Hydraulic accumulat J 28 
Ceramels, coatings, porcel ) rubber, nat C 2? Hydraulic cylind ji 
metal ceramic alloys B Ur aset hut Mg "c 119 neration | 2? 
powdered D 24 i b —- H? ‘ Y | 24 
Chains, elongation of E 18 cost H 13 Hydraulic fluid T 
Chromium, alumina alloys B 21 o POM t H 14 Hydraul t tipl } 18 
high temperature alloys Jl HE ni H t E 31 
stainless steels I ) Bestaseine de har 
Circuits, accumulator, hydra | 28 cs t | l \ 13 I 
differential transformer | 18 É osse aiie 4 12 
lectronic, reliable H 14 A l 
hydraulic J] 22, J 24 as eet WE plastics ) 
multiple pressu | 18 RT "d yw T Induction hardening D 14 
magnetic amplifier | i wee n7 Industrial electzon tube H ! 
transducer | 29 I Injection molding, gear D9 
Circular non ogran | 4 a Inserts, molded and ist. part G 
Clutches, air actuated E 3 F Insulation, electrical, foamed plastics C If 
eddy current H 26 Fatig T tpeened g mica paper C 3 
fluid E 12, E 31 spot welded alumir ; 2l plastics, rigid C 20 










magnetic part 
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Insulat 


Investment 


high 


JIC St 





ion, thermal, plastics 
castings, gears 
temperature alloys B 16 


-—J-- 


andards 


Joints, aluminum, spot welded G 18, G 24 
brazing G 14 
corrosion resistance G 10 
for gaskets F 16 


wire 


stitching, metal G 12 


iny specimens B 2 
lat 
Labor, estimating cost Y 4 
Lacquers C 6 
Linkages, for less friction F 8 
toggle F 26 
Liquid flow meters J 16 
Lubrication, bearings, ài: j 2 
ball l, F 18 
roller I 2 
Lubrication, measuring effect of A 11 
Lubrication, seals, rotating J J 30 
Lubrication, with silicone C 3 
M— 
Magnesium, high temperature alloys B 14 
sheets, comparison with titaniu B 12 
Magnetic amplifiers | 2 
Manufacturers, hydraulic pui | 
) Materials, boron steels B 
; elastomers, Neoprene C 24 
rubber, natural and syntheti ( 
silicone ( 
'stimating costs of V4 
3 for gaskets F | 
j glass fiber reinforced plast * 
igh temperature alloys B 16 
investigation of wear ot X 10 
iagnesium 
high temperature alloy B14 
) tal, powdered ) 202 
) sheet D 25 
) 1 pap ( 
iolybdenun j 
last thv! llu ( g 
) foamed 16 
f Ny] n ( ü 
sintered Nyl l 
tainless steel, cl ) 
'Qrmocouple | 
nium and alloy B] 
1 Metal, ron steels B 2 
} gl t eratul los BN 
1 ignesium ( j 
g high ter B 14 
ybdenur B 24 
wd ! D 2 
1 tory a B 2 
et, bend charts D 25 
R titching w G 12 
titanium and all R10 
Metal finishes inorgan ( 
rgank C 
Molded t hy C I8 
raskets F 17 
) nserts in em 
last year D9 
Nylon G3 
powdered metals D 2 
Molybdenum, high t iture alloys. B 20 
Motors, alternating nt H 2, H 25 
direct current H 2, H 25 
) electronic ntrol H 18 
friction dri E 20 
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Motor controllers H 8, H 18 
magnetic amplifiers I8 
LÀ 
Neidhart springs F 22 
Neoprene C 22 
Nitriding D 12 
Nomograms, circular F 28 
deflections, rotating disks F 7 
flat-wound tension springs F 14 
flow rate J 27 
helical springs, tolerances F 32 
vibration F 25 
Nylon, ball bearing parts C 30 
gears D9 
-— 
Patents A 18 
Photocells, output amplification 19 
Plastics, ethyl cellulose C 18 
foamed C 16 
gaskets F 17 
gears, molded D9 
glass fiber reinforced D 
Nylon C 30. D 9 
properties of rigid C 20 
Pneumatic standards I7 
Porcelain enamel coatings C 10 
Powdered products, gears, meta D 3 
metal D 22 
molybdenum B 25 
Nylon C 33 
Precision castings, alloys for hig 
temperature B 1 
gears p ( 
Pressure measurement transduce | 30 
differential transformers I 19 


transmitters 


Pressure seals, rotary 26 
Production, controlling design 
changes A 13 


Pumps, hydraulic, fluid f 


inufacturers 


= 


R ‘actors, saturable core 2 
Rectifier circuits I I6 
Relays, magnetic amplifi I ¢ 
Resins, base coatings C 8 
silicones C3 
Rockwell hardness, steel B 
Roller bearings F 2 
Rubber, adhesives G8 
finishes { 
gaskets F 1 
natural and synthet 22 
springs F2 
Rubber-resin adhesi G 
—S 
Saturable core reactors I 2 
Screw thread standards G 
Seals, lubrication, rotating J 
gh pressure, rotating ] 2 
grease, Nylon ( 3] 
Self-aligning couplings I 
Self-generating accele I 2 
Servomechanism driv H 24 
Shafts, coupling of E 8 
flexible E 24 
seals, for rotating J 30 


peed measurement I 
Sheet metal bend charts E 25 
I 
( 


Shotpeening, gears 28 
Silicone L4 
finishes for metals C 8 
rubber Cu 
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Splines 

Spot welding, aluminum 
Joints 

Springs, flat-wound tension 
helical 
rubber 

Stampings, metal 

Standardization 
pneumatic 

Starch adhesives 

Steel, boron 
chromium, stainless 
triction and wear of 
stainless sheets 

Stitching, wire, of metal 

Strain gages 
accelerometers 

Surface treatment, metals, hardenin 
for inorganic finishes 
for organic finishes 

Switches, precision snap-acting 


T— 


l'emperature asu 


thermocouples 
transducers 
Testing: engineering 
hardness, steel 
l'hermocouple, output amplification 
temperature measurement 
Thermoplastic, adhesives 
Thermosetting, adhesives 
Threads, standards 
Time constants, magnetic an 


progi 


plifiers 


servomechanism drives 


l'itanium and allovs 
lk 


1 
carbide 4 


high ter 





vrgle linkages 
rque convertors, hydrauli 


radioactive 


T 
T, 
Tr acers, 
Transducers 


"cl ter rs 
icceierometers, 


selt-generating 
iccelerometers strain gage 
lifferential transformers 
pressure transmitters 

Transformers, differential 

Trist lor matcher 

Tubes, reliable electron 


imulus 


Turbojet be rings 


Vibration nomogram 
Vickers hardness, stec 


Viscosity, hydraulic fl 


M t nt 


Welding, molybdenu 
spot, aluminum 
spot, joints 

Wire stitching, metal 

Work hardenin 


Wrought all. 
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Magnetic B 40 





B 56 


D 44 


A A 3 Insert between 
Book B 68 B56 & B57, I 
( A A 3g Manganese Alloys B € 
Catalog $ Metal Bonded To X B 68 
A I d Metal Powd B 48, Insert between PI 
D g B 48 & B49, G * 
I A | A3 Nickel Alloys B 48, B 61 B 65, ] 
M A 34 Palladium Alloys B49, 174 
S A A3 re Perforated Meta B 66, B68 
T Phospher Br B48, B50, B58 
G I B 63, B 65 
. D A 34 B *3( B 40. B56. B65. B 68 
G ( A 31 um Alloys B B 49, B 62, 1 74 
G ( A 28 ] M Parts B 48, Insert be 
M 4 39 twee B48 & B B63. D 59, D 71 
| T E 40, I 7i 
g I B ( 
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A | S & B4 B51, B 52-53, B 61 
; + B63, B¢ 
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Chemicals B 48, C41, C 42-43 
Coatings. . Insert between pp. C 32 & C 33, 
C35, C42.43, C44, C54, C58, 
G 53 
Defoamers. . Insert between pp. C 40 & C 41 
Electrochemical Finishes & Treatments 
B 56, C 36, C 49, C 55, C 54 
| led S apes C 45 í8, C 54, C 60, € 62, 
€ 64, C 66, G 53, J 70 
Fabrics. . Insert between C40 & C41, C55 
Felt 5, Insert between C 40 & C41 
Fil C 37, Insert between C 40 & C 41, 
C-50-51, F 46, 163 
Fibre Glass Ducting C 32 
Flock i C 44 
Fricti Materials B 63 
Glass i 4 F 64 
lation C 32, Insert between pp. C32 & 
C 33 (Silicone), C 35 Insert between 
pp. C40 & C41, C54, C 64, D 71 
I 39, 1 10« 
La qu C 54 
Leather. . Insert betwe ( ) & C41 
J 68 
s C 54 
uy Insert betw« pp. C40 & C41 
C 50-51 
istic Film. .C 35, C 45-48, C 57, C 66, F 63 
lastic Parts....C 45-48, C52, C54, C62, 
C 64, C 66, C 67, D 42, D 71, E 62 
I 63,171 
Plastics C 30-31, C 34, C 35, C 38-39, C 41, 
Cs, C57, CH, CU, CG, ES, 
D 42, E 62, 163, 169, 171 
'lastics Fabricated C 45-48, C54, C64 
C 66. D 71, E 62, F 63, 163, 169,171 
Plastics, Laminated B 63, C 37, Ins 
between pp. C40 & C41, C 45-48 
C 50-51, D 71, 163, 198 
P lain C53, C61 
Release Ag Insert between pp. C32 & | 
C 33 (Silicone) 
R Ins be en pp. C32 & C55 
(Silicone), C34, C535, C41, C57 
C 62 
R C 50-51, C62, C64, D 71, I6 
Rub ( C 40. C 45-48, C55, C65 
CES. EA 
R )ber Parts C 33, C 40, ¢ í8, € 
C 60. C 62, C 67, F ¢ J 68, J | 
Sealants G 
Sealers ( o 
Sheets 
Plast ( ( M 62 £354 4 
C 64. C66, C67, D71, F6 
Rubb C 40, C 45-48, C 67, F-6 
Silicone Rubber. . Insert between pp. C 32 & 
C 33. C 40, C 45-48, C 55, C67, F 65 
S ves . . In tween pp. C32 & € 
I6 
Strip lasti C 64 
Tapes Ins ween pp. C32 & ¢ 
(Silicones), Insert between pp C40 & 
( C 64. F I 50, 163, I 100 
Tubing 
P ti ( 18. ( ( € i 
( ( D 7 | E50, 11 
163,11 
R ( 18, ( F6 1106 
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Varnish Insert between pp. C 32 & € 
(Silicone), C 62, 1106 
Water Repellents Insert between pp 
C 32 & C 33 (Silicones) 

Fabrication and Production Processes 
Anodes G 52, 139 
Assemblies B 56, D 40, D 43, D 48 
D 56, D 69, D 70, D 73, D 76, I 46 
Cabinets B 56 
Castings B 52-53, D 64, D 68, D 74 
Castings, Precision Investment 24, B 63 
D 38, D 58, D 70 
Cleaners, Metal C 42-43 
Cold Headed Parts G 66 
Cold Roll-Formed Shap B 52-53, D 61 
D 70 
Deep Drawing B 56, C 42-43, D 43 


D 46, D 53, D 63, D 70, D73 

Die Castings....D 41, D 44, D 47, Insert 
between pp. D 52 & D 53, D 60 

D 65, D67, D 70 

Electroplating Equipment Insert follow 
ing p. 150 

Engineering Services (S Production 
Services ) B 56, C45-48, D 41, D 48 

D 70, G 66,171,17 


Engraving D 48 
Extrusions B51, C 42-43, C 45-48 
C 64, C 66, D 70, G 68 
Fabricated Plastics B 68, C 45-48, C 52 
C 64, C 66, D 48, D 71, E 62, F 63 
163 
Fabricated Steel D 52, D69, D 76 
Finishing Equipment D69 
Fixture Clamps D 45, D6 D 68, G 51 
Forgings. .B 51, B 52-53, D 57, D 70, E83 
Furnaces 21 
Gages 1, F 40-41 
Grinding, Centerless D 70 
Heat Treating D 7 
Hermetic Sealing Servic D 50 
Hoists, Air ... J 91 
Honing Machines D 55 
Inspection Equipment A 38 
Knurling D 70 
Laminated Plastics B C 45-48, D 48 
D 71, I 63 
Lubricant Systems C 42-43 


Metal Forming B 56, C 42-43, D 52 
D 53, D61, D7? 
Moldings 
Plastics B 63, C 52, C 62, C 66, D 3‘ 
D 42, D 51, D 54, D 71,E 62, F6 
F 66, F 76, 1 46, 169, 171, 1100 


P lered Metal B 48, B 63, D5 
D 76, F4 

Rubber »9 C33, C40, C 45-48. C 5( 
C62, D 51, D 68, F6 

Platings, Silver & Alloy a? 
Polishing D7 
Presses, Hydraulic B 52-5 
Production Machines & Processes 2( 


D 48, D69, D71, E62, E89,G6 
Insert following I 50, ] 38-3 
Production Services. .27, B * B 68, C 42 


13, D 40, D Á8, D 5 D 70. G 68 


hings, Plasti D 71 


Rings & Loops D 43 
Rubber-Bonded-to- Metal C 40 C 56 
Rubber Coated Parts D 68 
Rubber Lining D 68 
Screw Machine Part B 51, D 70, G 70 
179 

Shapes & Shells Deep Drawn B 56 
C 42-45, D 46, D 70 

Silk Screening D 48 
Spraying D 48 
Stampings B 56, B 68, C 45-48, D 43 


D 48, D 52, D 56, D 70, D 71, D 73 
E 70, G 70, I 46 


Structural Forms B 51, B 52-53, D 40 
D 69 

Subcontracting Services 7, B56, D 54 
Swaged Parts D 70 
Tanks B 52-5 D 46, D( D 70, D 76 
D 77 

Thread Rolling D 70 
Tools Insert between pp. B56 & B57 
D 48, D49, D70, G70 

Tube Fabricating F 74 
Weldments B 52-5 B 65, D 69, D 70 
D 76 

Wire Forming D 43, D 56, D 70, F 52 
G 45, 13 


Power Transmission Elements 


Actuators H 47 
Adapters, Flexible Shaft E 46 
Axle Housings E 76-77 
Axles E 76-77, E8 F76, H 54-55 
Belts. . Insert following p. 24, F 50-51. E 64 
65. E73. E74 F9 T 58.59 T 68 
Brakes 
Electri 1, E 74, E91, 1101 
Mechanical E 74 
Pneumati E 49, E71 
Chains 
Roller. .E 34-35, E40, E 56-57, E 64-65 
E 68 
Silent I Í-35. E 40-41. E 56-57 
E 64-65 
Clutches 
Electrical E 91 
Indexing & Feeding E 39 
Mechanical E 34-35, E39, E 54 
E 56-57, E66, E70, E71, E86, E88 
Pneumatic E 49, E 71 
Couplings 
Flectrical I 
Hydraul E 58-59, E89, H 44-45 
J75, J8 
Mechanical E 34-35, E 40, E 42-43 
E54, E 56-57, E 66, E 72, E73, E 89 
E 90 
Discs, Clutch & Brak E 47 
Drives, Timing E-50-51 
Drives. Variable Speed 1. Insert f 
lg 24, C 41, 5, ł 
I E 5 E ‘ 7, E 58-59, I 
I H 170, J 48 
] gs, Cl | E 4 
I ble € lings. .¢ C 45-48, E 34 
E 41, E4 E 5 E 56-57, E¢ 
65, E72, I E 78-79, E 86, E 89 
E90, E92, J 75 
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Flexible Shafts 8, E46, ES E ¢ 
Friction Materials B 63, D 59, F38 
Gear Motors 1, Insert following p 

E 41, E 56 E 80-8 


Gears. .B 63, D 59, D 71, D 76, E 38, E 4 
E41, E44, E45, E48, E52, E53 
E 56-57, E63, E70, E75, E 7 
E 78 - 79, (Doub! Env 2 
Worm), E 80-81, E82, E86, E8 


Linings E 47 
Motor Reducers (See a Gear Motors) 
21, E 40, I E 56-57, E70, E-7 
E 80-81, E 87 
Pinions E 70 
Plates, Clut E 4 
Power Take-Offs I 
Pulleys E 40, E 56-57, E 6t 
Pulley Clutche E 86 
Racks E 82 
Ratchets E 82 
Sheaves. . Insert f wing p. 24, B E 7 
Speed Reducers E 40, E 41, E 48, I 
E 56-57, E 58-59, E70, E75, E 78 
E 80-81, E86, E8 
Splines E 41, I 
Sprockets E 34 E 40 


I 
57, E 64-65 E 68, I 0. E82. E&8 
Torque Converters. .E 70, I 


[Transmissions E 36-37. E S 
77. H 44-45, H 54-55, H 76, ] 48-49 


Mechanical Parts and Design 


Balls I 
Bearing Materials B48, B63, B64 
C64, D E 4 F 38, F 6t 

Bearings 

Ba I I F 39, F57, F65 

F 68, | I I I 
Jewel 21, F 64 
F 53, F 65, F 68 


Needle F 37, F 72,17 
Oil-less. ..C 64, D 59, D 71, D 76, E 4 
F 38, F 47, F 48, 1 34-35 


Rol E 56-57, E 64-65, F 57, F 54-55 
F 67, F 68, F 69, F 72, F 76, 179 
S B 63, B 64, D 59, D 71, D 76 
F 38, F 42, F 47, F 48, F5 
Bell 635.1 F 58-59, F 77, ] 
Blow H H 5 H I 
Bi-Metal I 
B g B B 64, C 4 8, D D 
E 73, E 83, F 38, F 62, F 66, 134 
Ca D59, D 76, H 7 
Carbon Part F 48 
Controls H 4 H 74, 13 I 
I 70. ] $ 
( ( I I . ES 
E 64 
( I E 64-65. F ( 
Co F ( I 
Dia F í 
Dif H7 
G ( ( ( D F 4¢ 
F 63, F7 
G F 48. F( 
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Gyroscope 


Handles & 
Heat Exct 


Packings 


Knob 


anger 


Pillow Blocks 


Screw Thread 


Solder 


Inserts G 42 
B 48, G 47, G 56 


™ 


Sol 


Id 


] 


ring Equipme 


ring Paste 


nt 1105 
D 70 


Integral. .21, 


Sub-fractional 


23, Insert following p. 24 


H 51, H 52-53 
21, H4 


H 71,H 73 
2-43, H 46, 


S ialt 
f 114 


H 50, 


H 52-53, 


H 56 


H 57, 


Fasteners (Pipe Hangers, Special 
Cold Headed Parts, etc.) G 43 
G 45, G 48, G 54, G 56, G 59, G 64 
G 67, G 68, G72, G7 
G 51, G56, G 64, G 67 

G 70 


D 66 
(Stud) 


G 44, G 49 
G 65 G 71 
B 63, G 44, G 65 


Motors, 
Fractional 
Integral 
Sub-fractional 

Power Packs 


Primer, Engine 


Protective Devic 


Resolvers 


Servomechanism 


21 


High Frequency 


21, H57, H 76, 


H57, H 74 


21, 


H 68, 


H 76 


172 

21 
H 76 
I 72 
170 
H 70 
I 60 


H 76, I 9 


Components 


H 47 


H 49 


H 5( 


) H 57 


Motors, Engines and Controls 


Motor H 64 


H 73 
S H 74 
Motor 1l, H 47 H 76 


| Panels & Switchbord: 21, 26 


H 74, I 70 176, 138-39 


H 50 


H 44-45 H 6 


I 70 
Piston Rings 
H 58-59, H 74 
H 70, H 77 
I 70 
H 54-55, H 58-59, 
H 70, H 72 
wing p. 24 
H 64, H 7 
H 73,H7 


wing P eu 

n pp. H48 & 

H 57, H 60-61 

H 69, H 71, H 74 
H 76, I 

llowing p. 24 
H48 & H4 
61, H 64, H 6¢ 
H 69, H71, H 
H 42-43, H 4t 

H 57, H 67 

H 74, 1 72 


H 76, I 40, I 60 
I 70, 193, J 38-39 
H 49, H 76, 1 93 
H 47, H 48, H50 

H 62-63, H 67 


Electrical and Electronic Components 
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Dimmers Insert following p. 150 
Diodes 168, I 111 
Dynamotors H 76, 1107 
Electrical & Electronic Components, Custom 
Made B62, D54, F 63, F75 
H 50, 132, 139, 146, 148, 161, 
I 66, 168, 1 70, 173, 179, 195, 1 98, 


I 100 

Electrodes G 65 
Electronic Tubes I 107 
Fuse Holders I 69 
Fuses 169. 1109 
Galvanometers A 36, H74 
Heating Units 11, 139, 1 48, 162, 1 65, 
I 66, I1 109 

Hermetic Seals I 47, 1 73, 194, 1100 
I 110 


Instruments A36, H A7, H 74, H 76 
I 39, 170, 195, I 10* 

Insulating Varnish Insert between pp 
C 32 & C 33 (Silicones), 1 10¢ 

Insulation. . Insert between pp. C32 & C 33 
(Silicones), C35, C50-51, Có 


D 71, 139, 150, 159, I 71, I 106 
Insulators C 61, C64, F72, 169, 171, 
I 73, 1 100 

Inverters I 107 
Lamps .. I 69. 1 74 
Liquid Level Controls I 78 
Magnetic Materials Insert between pp 


B56 & B57, 169 
Magnets. . Insert between pp. B 56 & B 57, 


176. 199 
Magnet Wir I 109 
Markers, Wire & Insulation I 106 
Meters 132, 139, 170, 195, 1105 
Overload Relays I 75 
Paper Insulation C 50-51, 1106 
Photoelectric Cells 1111 
Pilot Lights I 104 
Plugs I 46, 169, 1 73, 183, 1 104, I 10€ 
Porcelain C 61 
Potentiometers 132, 189, I1 10 
Printed Circuits D 71, 169, 198 
Reactors, Electrical I 70, 182 
Recorders A 36, 139 
Rectifiers 11. 168, 196-97. 1 111 
Regulators H 74, 1 60, I 70, I 108, 1 111 
Relays 21, H47, H 50, H 62-63, H 75 
133, 139, 149, Insert following’ p 
150, 17 I 176, 186, 195, 198, 
I 102, I 104 
Resistors E 62, 1 37, 1 42-43, Insert fol 
lowing p. 150, 162, I75, I 
R ve H 7¢ 
R tat I l Insert follow 
ing p. 150, 175 
Sleeves & Tubing, Electrical C 62, C 64 


150, 159, 166, 194, 1106, J 99 

Slip Rings, See Collector Rings 
Solenoids H 47, H74, 141, 149, 175 
176, 182, 192, 1101 


Switches 21, H 47, 137, 146, 172, 173 
175, 182, 195, 1102, 1108, 1109, 

I 112-113 

In ting Insert between py 

( & ( (Sil ), F63, 150 

1106 

18 
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Terminals & Terminal Boards. .F 76, I 32 
1 46, 147, 161, 169, 175, 181, 183, 

194, 1100 

Insert between pp. B56 & 
B57 

Thermocouples H 47, H74, 139 
Thermostats. .H 47, H 74, 166, 167, 174, 
I 75, 188, 1108 


lhermistors 


limers 21, H47, H 50, H 62-63, H 67 
H 74,175,185,192 

Transducers A 36, A 39 
Transformers 21, H 52-53, 164, 180 
I 82, 1110 

Transistors 168 


Wire & Cable 138, 139, 150, 1 69, 1 73, 
I 90, I 96-97, 1 106, 1109 
Wiring Devices G 48, 139, I 47, 169 
173, 178, 183, 194, 196-97, 1104 
1109, 1110 
Wiring Harnesses 139, 144, 169, 17 
182, 1106, 1109, 111 


Hydraulic and Pneumatic Equipment 


Actuators 


Hydraulic. .H 4 ] 38-39, ] 42-43, ] 54 
$5. ] 
Pneumatic H 47, ]42-43 
Accumulators ] 48-49, 1 57, ] 64 
Air Motors D 49, H 47, J 65, J91 
Air Receivers D 46 
Assemblies 
Hydraulic H 47, J 38-39, Insert be 
tween pp. ] 40 & J 41, J 48-49, J 54 
$5. 160. 177.78 
Pneumatic H 47, J87, J91 
Ball Joints ] 52 
Boosters 157, 164, 165 | 
Clamps D 45, D 68, ] 
Compressors D 49, H 44-45, ] 
Connectors 
Hose F 58-59, H ] 87, 18 
Tube F 58-59, 187, J8 
Controls 
Hydraulic H 47, 1 Insert between 


pp. J40 & J41, J42-43, J46-47 
J 48-49, ] 54-55, ]61, ]64, ]65 


Pn it H 4 | 42-4 J] 46-4 
J é T¢ ] 

Couplings 
Hos F 58-5 J Jé 16 ] 84 
I 87 18 
Tube F 58-59. 160, 1 61. 162. I« 
I8 184. T 87. I8 

Cylinders 


Hydrauli D 59. D 68. 134-35. 138 
J 46-47, ]48-49, ] 50-51 
157. 161, 1 62. T 64, 165. 166. 167 

| 70. T 94. T9 

Pneumatic. .D 45, ] 34-35, ] 38-39, T 46 
417, 157, 161, 162, 165, 166. 167 


154-55 


J 91, J 94, J 
Diaphragms C 56. F 65. 168 
Drives, Variable Spe E 5( I 48 
Filters 
Air D5 Já Í Jé | 8i I 


Hydrauli D 59. 138.39. 150-51 T 
] 64, 176, 186, 1100 
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Floats J 44 
Flow Measurement H 47, J101 
Flow Regulators 192 
Gaskets 29. C40, C 56, F 46. I 63, J oS 

] 96, 1101 
Heat Exchangers D 69 
Hose & Tubing F 58-59, J61, J65 


J75, J87, J89, J99 


Hydraulic Fluids Insert between pp 


C 32 & C 33 (Silicone), J 58-5 
Instruments 
Hydraulic H 47, H 76, J 38-39 
Pneumatic H 47, H 74 
Lubricants Insert between pp. C32 & 
C 33 (Silicone) 
Lubricators, Air-lin J 46-47 
Meters H 47, H 74 
Motors 
Air D 49, ] 79, J 
Hydraulic ] 38-39, Insert between pp 
J40 & J41, T 48-49, ] 50-51, 156 
169, J 70, J 73, 183, 193 
Oils Insert between pp. C32 & C 33 
(Silicone), J 58-59 
Packings 9, C 56, F 46, F 63, J 58-5 
|] 68, J 88, ] 96 
Piping J 65, J 101 
Power Packs J 38-39, Insert between pj 


J 40 & J 41, ] 46-47, T 48-49, T 50-51 
J 54-55, T 61 164, 167, 177 


Pressure Switches J 42-43 
Pumps 
Air D 4 ] 79, 196, ] 100 
Liquid I following p. 24, D4 


F 40-41, F 56, H 44-45, J 37, J 38 


Insert between pp. ] 40 & J 41, J 4 
148-49. 150-51. 154-55. 1 5« I 
J 69, J} 71, J 72, ] 7 ] 76, ] J 78 
18 18 I 85. ] » J }98, J1 
Va D ] 7 J J1 
Rams 1 54-5 
Regula 
Hydra | 46-4 | 48-4 
| S. J€ | i Jé 
Pne H J 4 J 16 
] 94 
R ig Joi J5 
Rotating Coupling Ig 
Ges |. C56, C64, F 38, F 63, J 58-5 
168, ]8 188, ] 
S ( l J 38-3 
S Yers H 4 J4 J ) J1 
Swing I its 15 
Swivel Joints. . J J ] 82, 1 84 
I ps Magne tic 16 
V e Controls. M l E 4 
\ F 56, H 47, J 34-35, J 36, J 42-43 


] 44, 145, ] 46-47, J61, J 62, J 65 
167, 375, J91, J97, J98, J101 
Hydraulic H 47, J 34-35, J36, J38 
39, Insert between pp. J40 & J41 
J 42-43, J 44, J 45, T 46-47, ] 48-4 


150-51. ] 54-55 I 61 162 I 64 

] 65 I 6 I7? T1344 TJ 177 

| 89, ] 92, ] 97, J 98, J 101 

Washers F 4 158-59. 168 





INDEX TO ADVERTISERS 


ontrol Products, In 
Counter & Control € 
Crane Co 
Crane Packing Q 
Crofoot Gear Corp., (€ 


oie 


DeLaval Steam Turbine ( 
DeJur-Amsco Cort 
Delco Products Div., Gen. Motors 

Corp Insert between pp. H 48 & H 
Denison Engineering (C 

Insert between pp J 40 & J 

Detroit Coil Co 
Detroit Stamping (€ 
Deublin € 
Dexter Folder C 
Diamond Mfg. Q 
Diefendorf Gear € 
Dimco-Gray Co. 
Dings Brakes, In 
Dixon Sintaloy, In 
Doerr Electric Corp 
Dollin Corp 
Donnell Hydraulic € 
Dow Corning Corp 


rp 





Insert between pp. C32 & C 
Dudco Div. The New York Airbrake 
( 
DuPont de Nemour 
Electrochemical Dept 
DuPont de Nen 
Explosives Dept 
DuPont de Nen 
Pigments Dept 
DuPont de N 
Plastics 
DuPont de Nen 
Rubber Chemicals Dis 
Durkee-Atwood € 
Dykman Mfg. ( 
Dynamatic Ci 
( 


I 


rn 
tern Tool & Mfg 
man Mfg. ¢ 
stman Pacif 
iton Mfg. (€ 
bert Electroni 


lison C 


H 7 
A 
D 


Product Engineering — 1954 Annual Handbook 





Electro Switch Corp 
Elliott Co 


Engineering Research Assoc 


Emmert Mfg. Co 
Evenline Products 
Eynon-Dakin Co 


aatia 


Fairchild Camera & Instrun 


Corp 
Farrel-Birmingham Co., In 
Fawick Airflex Div 

Corp 


Federal Electric Products € 


Federal Telephone & Radio 


Federal Tool & Mfg. € 


Firestone Plastics Co., Chemi 


Div 
Fischer Special Mfg. ¢ 
Flexonics Corp 
Flower Mfg. Co., D. B 
Foote Bros. Gear & Ma 


Ford Instrument € Di« 
Corp 
Ford Motor Co.. Ind 


Engineering Sal Der 
Formsprag C 
Funk Aircraft € 
Fusite Corp 


dn: 


Galland-Henning Mfg. € 
Garlock Packing € 
Garde Mfg. ( 


Gast Mfg. € 

Gear Spi 

General American Tr 
( rp Plast 


i 
ntrols € 


rp 


cialties, In 


General ( 


m > > >m 


In 


ent 

I 103 
E 75 

Federal Fawick 
E 49 
o H 75 
( [ 96-97 
D 72 

il Sales 
C 30-31 
G 57 


F 58-59 


General Electric Co. Apparat 


Sales Div 
General Electric Co. Const 
Materials Div 


General Electric Co., Wiring 


Dept 
General Magnetic C 
General Tire & Rubber ( 


Gerot May ¢ 
Gibson Electric € 
Gleas Work 
B. F. Good ( 
Geon Div. 
Goodrich CI I € 
(Hycar) 
Goodri ( B. F. (1 
Goshen Rubber ( In 


Graham Transmissions, In 
Grant Pulley & Hard 


Graphite Metallizing € 


Graton & Knight Q J 
Gray and Prior Machine ¢ I 
Great Lakes Steel D Nat 

Steel B 
Greer Hydraulics, I J 
Grip Nut C G 


Guardian Products ( 


Product Engineering 


87 
27 


H. & R. Indust 

Haloid Co 

Handy & Harman 

Hanna Engineering Work 
Hannifin Corp 
Hansen Mfg. Co., In 
Harrington & King | 
Hartwell Co 

Harvey Aluminum Sales, In 
Haydon Co., A. W 
Haydon Mfg. Co., In 


) 


Haynes Stellite Co., a Div. of 


Carbide 
Heim C 
Heinze Electric ( 
Heli-Coil Corp 


& Carbon € 


Helipot Div. of Beckman Ind 


Heyman Mfg. € 
Hilliard Corp 
Hills-McCanna € 
Holliday & € In 
Holliston Mills, Inc 
Hoover Co., Die Casting D 
Houghton & Co., E. F 
Howard Industries, Ir 
Howell Electric Motors ( 
Hudson Tool & Die € In 
Hyatt Bearings Div. G M 
Corp. 
Hydraulic Accessories ¢ 
Hydraulic Press Mfg. € 


Illinois G 





Improved ( 
Industrial 
Ingersoll Rand < 
Instrument Mot 
Instrument Specialt ( I 
International In I 
International Rect ( 
J 
J s Gear & Mfg. ( D. í 
lergens € 1G 
Johnson Engin g ( I 
Welton V 
Tones and 1 S ( 
BE 
KSM P I 
Ketay Mfg. ( 
Kohler € 
Koiled k I 
Koppers ¢ L 
Kraissl € 
dias 
L. & L. Mfg. ¢ 
Laminated S ( 
Lams &S ( 
Landis & G I 
Lapeer Mfg. ( 
Lehigh I id I 
Leland I ( D A 


Machine & Foundry ( 
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C 66 
A 35 
G 52 
] 97 
16-47 
H 48 
B 68 
G 72 
B 51 
H 50 
62-63 
B 41 
F 69 
H 46 
G 42 
I 89 
F 48 


F 56 
B 43 
A 40 
D 67 
58-59 
H 56 
H 64 
D 73 


g ss 
] 88 
€ 51 
E $3 
B 62 


G 
[ « 
H 70 
Í 8 
( 
J 


ln 3d €—À—RRRIR 
a 


Leland, Inc., G. H I 49 
Libbey-Owens-Ford Glass ¢ Fiber 

Glass Div C 32 
Lincoln Electric € G 65 
Linde Air Products < Div 

Union Carbide & Carbon Corp G 44 
Lindsay Structur I D 40 
Linemaster Switch € I 102 


Link Belt ¢ pany E 56-57 
Liquid Drive Div. G. E. Nelson 
Co. I 


60-61 
Litemetal Dicast, In D 44 
Littleford Bros., In D 76 
Logansport Machine € J 61 
Lovejoy Flexible ¢ pling (€ E 66 
Lowell Insulated W Div I 90 


Lycoming Divs., Av Mfg. ¢ 
M 


M. B. Mfg. ( I I 
M-B Products ] 94 
Magnetic Amplifier I I 7 
Mahon Co., R. € D ( 
Makepeace Co., D. E., Ut | 
& Wire € 

Malayan T Burea B 48 
Marion Electrical Inst ( [ 1 


Marlin-Rockwell (€ F5 
Maurey Mfg. ¢ ) E 73 
Mavline Co., In A 

Mead Specialties ( D 4 
Mechanical Indust | t ( I 88 


Met-L-Wood Corp B 68 
Metals & Controls Corp., General 

Plate Div B 4 
Metal Powder Products, I D 7 
Michigan Tool € ( D 

Div E 78 
Michigan W Cloth ¢ F 62 


Midwest M g & Mfg. ( D 
Midwest Plast Products (€ C 54 
Midwest Rubber ( rs 
Milford Riv & M ( G 
Miller Motor € ! 
Miniature P n Bearings. |l ! 
Missssnta BMilaisn d Mis. t G 
Monsanto Chem il C C 57 
Morse Chain € I í 
Morton Bearing € F7 
Mueller Brass Co D 
Mullins Mfg. Corp. K flo I D 


Mycalex Cot X Amet ( 


Nat il M I G 
National Steel € B 
Na il Tube D S.S 

Corp Insert b 3 « B 
National V i ( 
Newcomb S ( I 
New Dx D ( M 

( 
New H | I 
N ( M ( j QA 
N York Air B ( 
N York Belting & I 
N & ( X i I 
NI ( | Aq 

19 
r 





























































Nothelfer Winding 
Nutt-Shel Co., In 
Nylok Corps. In 


— y 


O. & S. Bearing & Mfg. ( 
Ohio Rubber Co 
Ohmite Mfg. C 


Oliver Iron & Steel Cory 
Onan & Sons, Inc., D. W 
O'Neil Irwin Mfg. € 
Orange Roller Bearing € 


vill. 


Palnut € 

Paper Machinery & Resear 
Parker-Kalon Corp 

Parker Rust Proof Co 
Pass & Seymour, Inc 

Peck & Harvey 

Peerless Electric < 

Penn Engineering Mfg. Ci 
Metal Co., In 


Penn 


t Mar 


R 
River Mfg. & I S 
Metal ¢ 

& Grind l 


Riverside 

Rivett Lat! 

Rivocor 

Robbins & M l H 
le T) 


Rochester Pats. 1 f General 


Mot 
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Laboratories 


G 
G 


56 


AQ 


Rogan Brothers F 


66 
Rollway Bearing Co., Ini F 67 
Roper Corp., Geo. D F 66. ] 72 
Roth Rubber Ci C 40 
Rotron Mfg. Co., In | 72 
Royal Electric € I 84 
Ruthman Machinery Co ] 98 
ao 
Sateway Heat Elements, In | 62 
Sanborn C A 37 
Sandvik Steel, | B 69 
Scaife Co D 77 
Sciaky Brothers G 71 
Scintilla Magneto Div. Bendix 
Aviation Corp I 84 
Scott Testers, Ir A 32 
Sealtron € I 47 
Seletron Div. Radio Receptor € I 68 
Set Screw & Mfg. € G 56 
Seymour Mfg. Co B 58 
Sheffield Corp. Gage Div A 31 
Shenango Penn Mold € D 64 
Signal Engineering & Mfg. ¢ I 8 
Skinner Ele Valve Div. Skinner 
Chuck Co ] X 
Skinner Purif Div. Ben 
Av ; ( | 86 
Soreng Pr ( I 41 
S Chester Corp. S Div G 54 
Spe Products, In J 74 
Sponge Rubber Prod ( C 67 
Stalu I hher ( ( 1 70 
S 1 Fl I ( I 92 
Stan H Nail € F 76 
Standard Pl ( I D 2 
Standard P ! Steel ( I 
Socket S v Div G 4 
S l | Tube € B 67 
Star P el ( C 61 
Stev Mfg. € I I 67 
Stewart Mfg. € F.W E 52 
Stew D ( g. Dn 
Stewart W 1 ( D 65 
Stoc & Yale, I 70, F 74 
Stow Mfg. (€ E 46 
Sunnen Prodt ( D 55 
Surt nant Mfg. ¢ I 50 
NW s £ log S Div. F. W 
Dodge € 5^ 
o 
I I ( C 3 
I B lucts € I E 44 
I x ( A 33 
I De; G I 
Co H ¢ 
Telefle I F 74 
[ e ( & Iron D I S. Steg 
( I rt betw B 40 &B 
1 | vibe ( | ( I 
A : P, 1 tM e 
Di D 41 
Tinn in P I G 59 
I & ( E. H D 56 
I Sal & Engi I 78 
I I n ( 40 
| Mfg. ( F 70 
l'ow nd € G 45 
I | Cor H 49 
Tri-Clover Ma ( ] 63 
I a Solenoid C I 101 
I n F ver Ma ( | 58 
I P ( 
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Tuttle & Co., H. W I 48 
Twin City Die Casting Co D 60 
m 

Ucinite Div. United-Carr Fastener 

Corp I 46 
Unimax Switch Div. of W. L. Maxson 

Corp I 82 
Union Carbide & Carbon Corp 

Bakelite Co C y 

Haynes Stellite Co B 4l 

Linde Air Products Co G 44 
United-Carr Fastener Corp G 48, I 46 
United Electric Controls (€ I 108 
United Mfg. & Service Co I 44 
U. S. Steel Corp 

Insert between pp. B 40 & B 
U. S. Steel Export Co 

Insert between pp. B 40 & B 41 
U. S. Steel Supply Div. U. S Steel Corp 

Insert between pp. B 40 & B 41 
Universal Oil-Seal Co F 60-61 

villas 
V.Plex Clutch Div E 8 
Valvair Corp ] 45 
Van Der Leur, E. ] A 38 
Van Huffel Tube Corp D ( 
Varflex Corp I 59 
Vellumoid Co F 46 
Vickers Electric Div., Vick Inc I 4 
Vickers, Inc | 48-49 
Viking Pump Company J 7 
Vinco E 6 
die 

Wagner Electric Corp H 52-5 
Waldron Cory John E,8 
Walker € Georgi I 94 
Walker Turner Div., Kearney & 

Trecker Corp "8 
Waltham Screw € G 
Ward Leona Electric (€ 

Insert following p. I 50 
Warrick Co., C. I I 78 
Washington Steel Cort B 57 
Waterman Engineering < pany | 92 
Watlow Electric Mfg. ¢ I 6 
Webster Electric Co J 41 
Weirton Steel Ci B 44 
Wellman Co., S. K I 
Western Felt Works 
West Point Mfg. C G 51 
Wheeler Insulat ] Wit ( 1 8 
White Dental Mfg. Co., S. S E 
Whitney Blake Co I 38 
Wichita Falls Foundry & Macl ( E 71 
Wiegand C« Edwin I I 
Wilson € H A | 
W incl I I I 
Winsmith, In I 
Winterburn Mt ( I 
W inzel Mfg. an ] ( I 
Wisconsin Motor € Hj 
Wolle k Optical ¢ A 
Wolve Tube Div. 

Hek I B 
W orces G X I I 
W roug W r Mfg. C G 

—Z, 
Zenith Catburetor Div. B Aviatior 

( p H 
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what's YOUR 





i l 
Tit e Q . . . . . if ifs product engineer e design engineer e development 


engineer è mechanical engineer e chief engineer ù consulting engineer e 
vice-president in charge of design « or something similar, General 
Electric can help simplify your job whenever the selection of electric 
apparatus or components is involved. 





Product Engineering 


r 
| 
as 
Item Subject 
Motors 
1 New NEMA Motor Frame Dimensions (1 to 30 hp) 
2 Brake-motors 
3 Fractional-hp Motors 
4 Open Motors 
> Series-motor Parts (Fhp) < rompan 
6 selection 
7 Totally Enclosed Motors 
8 Vertical Motors 
Gear-motors 
9 Fractional-hp 
10 Integral-hp 
Control 
Custom-built Industry Control Panels 
11 Cabinetrol* 
12 Motor Control Centers 
Limit Switches 
13 Lever-type 
IE! Rotating-type 
15 Track-type 
16 Magnetic Contactors 
17 Magnetic Motor Starters 
18 General-purpose Photoelectric Relays 
19 Oiltight Push-button Stations 
20 General-purpose Relays 
21 Plate-type D-c Rheostats 
22 Control and Transfer Switch 
Adjustable-speed Drives 
23 General 
24 Thy-mo-trol,* 34 to 10 Hp 
25 Calrod* Heaters 
26 Switchboard Instruments 
Rectifiers 
27 Packaged Metallic Rectifiers 
28 Selenium Rectifiers 
Timers 
29 Electronic Timer 
30 Process Timers 
31 Machine-tool Transformers 
*Registered trade-mark of General Electric Company. 


Bulletin 


GEA- 
GEA- 
GEA- 
GEA- 
GEA- 


5995 
5464 
5567 
3580 
5665 


GET-2297 


GEA- 
GEA- 


GEA- 
GEA- 


GEA- 
GEA- 


GEA- 
GEA- 
GEA- 
GEA- 
GEC- 
GEA- 
GEA- 
GEC- 
GEC- 
GEA- 


GEA- 
GEA- 
GEA- 
GEC- 


GEA- 


4400 
4033 


5678 
1437 


3856 
4979 


5705 
5704 
5707 
5154 
880 

3533 
5779 
257 

487 

4746 


5334 
5827 
5866 
218 


5658 


GET-2350 


GEA- 
GEC- 
GER- 


5255 
525 


502 


For example, consider the new NEMA Motor 
Standards, soon to be put into effect. Our re- 
cently issued Bulletin GEA-5995 will give you 
the new NEMA frame sizes and dimensions for 
a-c motors rated 1 to 30 horsepower. As a service 
to our friends, and customers, we will release 
more details about G-E motors in the new 
NEMA frames, as such information becomes 
available. 


Equally important data are obtainable on 
all G-E product lines. The following abridged 
tabulation lists only a few of the most popular 
electric components on which bulletins can be 
had for the asking. 


Please don’t forget that the services of G-E 
application and design engineers with hundreds 
of years of cumulative experience are also at your 
command. Bring your electrical product-design 
problems to us. We can help you solve them. 


4 
| 
l 
l 
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l 
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I 
| 
| 
| 
| 
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General Electric Company 
Apparatus Sales Division, Section 640-372 
Schenectady 5, N. Y. 


Please send me the following bulletins: 
y for reference purposes 


X for immediate projects 


ITEMS 

a 2 3. ] 4 

& 1 6 7. 8. 
9 10. 11 12. 
13. 14. 15 16. 
17. 18 19 20. 
25. 26. 27. 28. 
29 30 31 


Consult the Product Design File, published by Sweet's 
Catalog Service. You'll find “everything electric” for 
machinery manufacturers in the General Electric section 


NAME 
COMPANY 
STREET 
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You can put Do" confidence 222 — 
GENERAL @@ ELECTRIC 


1954 Annual Handbook 


21 































































































































































































































































































































































































A-P Controls Corp 
Airborne Accessories Corp 


Alemite Div., Stewart-Warner Corr 


Allegheny Ludium Steel Corp 
Allen-Bradley Co 
Allis-Chalmers Mfg. Co 
Aluminum Co. of America 
American Flexible Couplin 
Affil. J. A. Zurn Mfg. C 
American Phenolic Corp 
Ampco Metal, Inc 
Anchor Plastics Co., Inc 
Apex Machine & Tool Co 
Apollo Metal Works 
Armco Steel Corp 
Armstrong Cork Co 
Arrow Metal Products Corp 
Atlantic Metal Hose Co., Inc 
Aurora Pump Co. 
Automotive & Aircraft Div 
American Chain & Cable 
Babcock & Wilcox Co 
(Tubular Products Div 
Bakelite Co., (Div. Union 
Carbide & Carbon Cory 
Baker & Co., Inc 


Barber-Colman Cc 


olta Products Sale 


B 
B 
Bishop, J., ) at 
Blackhawk Mfg. Cc 
B S j 
Boston Gear Works, In 
Brooks & Perkins Inc 
Bundy Tubing Co 
annon Electric Cc 
Carpenter Steel C 
Carpenter Steel Co., 
Alloy Tube Div 
ast Optics Corp 
Century Electric 
Chapman Valve M 
Chicago Rawhide Mfg 
Commercial Shearing 
& Stamping Cc 


Diamond Fibre 





r 











Rubber Works 
Corning Glass Works 


Cullman Whee 


gv 





^... great time saver " 


The following manufacturers of 
component parts, and materials 
have placed their catalogs in 

the PRODUCT DESIGN FILE to 


Cupples Products Corp 
Denison Engineering Co 
Dodge Cork Co., Inc. 
Dodge Mfg. Corp. 
Douglas Fir Plywood Assn 
Dow Chemical Co. 
Dow Chemical Co. 
(Magnesium Dept.) 
Dow-Corning Corp 
du Pont de Nemours, E. |., 
& Co., Inc. 
(Explosives Dept.) 
(Fabrics Div.) 
(Polychemicals Dept.) 
(Rubber Chemicals Div 
Durez Plastics & Chemicals, In 
Eagle Signal Corp. 
Eastern Industries Inc. 
Eaton Mfg. Co., Reliance Div 
Electric Auto-Lite Co., 
Instrument & Gage Div. 
Electric Specialty Co. 
Electro-Snap Switch & Mfg. Co 
Elliott Co. (Crocker-Wheeler Div.) 
Emerson Electric Mfg. Co. 
Fairchild Industries, Div. Fairchild 
Camera & Instrument Corp 
Fairmont Aluminum Co 
Falk Corp. 
Farley & Loetscher Mfg. Co 
Federal Telephone & Radio Corp 
Federal Tool & Mfg. Co 
Felt Products Mfg. Co 
Fischer Special Mfg. Co 
Flexonics Corp 
Foote Bros. Gear & Machine Corr 
Formica Co. 
G & O Mfg. Co. 
Galland-Henning Mfg. Co 
Garlock Packing Co. 
Gast Mfg. Corp. 
General American Transportat 
Corp. (Plastics Div 
General Electric Co. 
Apparatus Marketing 
Carboloy Dept.) 
Chemical Div 
Construction Materials Div 
Wiring Devices Dept.) 
General Radio Co. 
General Tire & Rubber Co. 
Gerotor May Corp. 
Glass Fibers, Inc. 


7^ 








make it easier for you to consult 
them without delay, any time you 
want information about their products. 


Globe Steel Tubes Co 

Goodrich, B. F., Chemical Co., 
(Div. B. F. Goodrich Co.) 

Goshen Rubber Co., Inc 

Grant Pulley & Hardware Co 

Great American Industries, Inc., 
(Rubatex Div.) 

Great Lakes Steel Corp., 
(N-A-X Alloy Div.) 

Greene, Tweed & Co. 

Grip Nut Co. 

Harvey Machine Co., Inc. 

Haskelite Mfg. Corp. 

Heinze Electric Co. 

Hendrick Mfg. Co. 

Howell Electric Motors Co. 

lig Electric Ventilating Co 

industrial Gear Mfg. Co. 

instrument Gear Works 

Jabsco Pump Co. 

James, D. 0., Gear Mfg. Co 

Jefferson Electric Co 

Johns-Manville 

Johnson Bronze Co. 

Jones & Laughlin Stee! Corp 

Jay Mfg. Co. 

Kalser Aluminum & Chemical 
Sales, Inc. 

Kato Engineering Co 

Kopp Glass, Inc. 

Koppers Co., Inc., (Chemical Div 

Laminated Shim Co., Inc 

Lancaster Lens Co 

Landis & Gyr, Inc 

Leiman Bros. Inc. 

Libbey-Owens-Ford Glass Co 

Libbey-Owens-Ford Glass Co 
(Fiber-Glass Div.) 

Link-Belt Co. 

Lovejoy Flexible Coupling Co 

Mahon, R. C.. Co. 

Masonite Corp. 

Master Appliance Mfg. Co 

Master Electric Co 

Mercoid Corp. 

Metallo Gasket Co 

Mica Insulator Co 

Michigan Steel Tube 
Products Co. 

Milford Rivet & Machine Co 

Miniature Precision Bearings Inc. 

Minnesota Mining & Mfg. Co., 

(Adhesives & Coatings Div.) 





Sweet's Catalog Service 










Morganite Inc. 
Morse Chain Co., 

(Div. Borg-Warner Corp.) 

Mueller Brass Co. 

Mullins Mfg. Corp. 

Mutual Industries 

National Electrical Mfrs. Assn. 
National Vulcanized Fibre Co. 
Nelson Stud Welding Div., 

Gregory Industries, Inc. 
Nicholson, W. H., & Co. 

Ohio Seamless Tube Div., 

Copperweld Stéel Co. 
Ohmite Mfg. Co. 

Oilgear Co. 

Owens-Corning Fiberglas Cor; 

Ozalid Div., General Aniline 
and Film Corp. 

Parker Appliance Co. 

Parker-Kalon Corp. 

Penn Metal Co., Inc. 

Pesco Products Div., 

Borg-Warner Corp. 
Pittsburgh Plate Glass Co., 

(Fiber Glass Div.) 

R & K Industrial Products Co. 
Radio Receptor Co., 

(Seletron and Germanium Div 
Ramsey Corp., 

(Spirolox Div.) 

Randall Graphite Bearings, Inc 
Raybestos-Manhattan, Inc 

(Manhattan Rubber Div.) 
Redmond Co., Inc. 
Regal Plastic Co. 
Republic Steel Corp. 
Republic Steel Corp., 

(Steel & Tubes Div.) 
Revere Copper & Brass Inc 
Reynolds Metals Co. 
Reynolds Wire Div., 

National-Standard Co. 
Rigidized Metals Corp 
Rochester Products, 

(Div. General Motors) 
Rockford Clutch Div., 

Borg-Warner Corp. 

Rodney Metals, Inc. 
Rohm & Haas Co., Plexiglas Div 
Roper, Geo. D., Corp. 
Russell,Burdsall & Ward 

Bolt & Nut Co. 

Scaife Co. 

Sharon Steel Corp. 
Speedway Mfg. Co. 
Spincraft, Inc. 

Sponge Rubber Products Co. 
Standard Tube Co. 

Stearns Magnetic Inc 

Steel Partitions, Inc. 

Stow Mfg. Co. 

Superior Tube Co. 

Sylvania Electric Products Inc 
Synthane Corp. 

Telechron Dept., 

General Electric Co 
Tinnerman Products, Inc. 
Trombetta Solenoid Corp 
Twin Disc Clutch Co 
United States Gypsum Co. 
United States Plywood Corp 
United States Radium Corp 
United States Rubber Co. 
United States Steel 
Veeder-Root Inc. 

Vickers Inc. 

Viking Pump Co. 

Wagner Electric Corp. 
Waldes Kohinoor, Inc. 
Ward Leonard Electric Co 
Warner Electric 

Brake & Clutch Co 
Washington Steel Corp 
Watson Mfg. Co., Inc 
Weirton Steel Co., 

(Div. National Steel Corp.) 
Werner, R. D., Co., Inc. 
Westinghouse Air Brake Co. 
Westinghouse Electric Corp. 
Winsmith, Inc 
Wood Conversion Co 






















Division of F. W. Dodge Corporation 
119 WEST 40TH STREET, NEW YORK 18, N. Y. 
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NEW NEMA Re-rated FRAMES 


Mow in Production 


Smaller NEMA frames e more horsepower e less 
weight e streamcooled e totally enclosed e high 
performance e cool operation e simple design 
compact contour e rugged construction e protected 
ball bearings e polyphase and single phase, integral 
and fractional ratings 



































BALTRIC—Single Phase Motors, Capacitor Start, Induction Run, Horizontal 
Enclosed Construction, Solid Mounted, Ball Bearing, 115/230 V., 60 Cyc., 
Continuous Duty, 55° C. Rise, Reversible 

















Breakdown Net 
H. P Tq. % F.L Weight 
3 250 34 
lo 250 


225 








BALTRIC—Three Phase, Squirrel Cage, Induction Motor, Horizontal Enclosed 
Construction, Ball Bearing, Normal Torque Design B, 220/440 V., 60 Cyc., 
Continuous Duty, 55° C. Rise 













Breakdown Net 

Tq. % F. L Weight 

340 | 28 

) 320 | 76 32 

t t - t : 

182 | 300 | 80 82 | S 
| | 

1725 | i844 | 30 | 8 | 8 |  s9 
t + 

1725 | 184 [| 300 [ 88 | | 62 

1725 | 213 | 260 | 88 | | 97 

+ t + i 
1725 215 | 240 | 89 89 | 109 
















BALDOR STREAMCOOLED® MOTORS 
of present NEMA dimensions 
are still available: 


SINGLE PHASE: '4 to 7'2 h. p. 
THREE PHASE: '5 to 20 h. p. 


BETTER MOTORS 


Sold and serviced in more than 350 Trade Centers 


BALDOR ELECTRIC COMPANY * ST. LOUIS, 





NM 
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Catalogs 


and 
Bulletins 


Request additional information using 
posteards following page 24 


(M-1) ATTENUATORS The 
Daven Co. Booklet, 64 pp. The con- 
trols shown are: radio frequency at- 
tenuators, special units for precision 
This pawl is a measuring equipment, tone compen 
vital part sating attenuators, stereophonic con 
of a Bazooka trols and T, balance H, ladder and 
potentiometer type audio attenuators 
Description, charts and many wiring 
diagrams given for each 


(M-2) VIBRATOR EQUIPMENT 

* in tool steel to maximum Syntron Co. Catalog 525, 52 pp. A pic 
tolerances of 3-.003" ture index of the products made by 
this company, including many types 
Casting Engineers, Inc., of vibrators, vibratory packers and 
can produce this part for 19c because our method of feeders, vibrating screens and test shak- 
ers, gravimetric feeders. Also covers 

investment casting permits the use of mass produc- 


i selenium rectifiers, electric hammers 
tion principles by casting, in this instance, 108 pieces and drills. Specifications of each 
at one time. 


* (M-3) MEASUREMENT & CON 
Investment Casting TROL INSTRUMENTS — Leeds & 
eliminates handling of raw material stock. Northrup Co., Catalog No. 46(1), 48 
Investment Casting pp. Entitled, "Speedomax type G In 
eliminates drill press and operator struments for measurement and con 


trol," it describes the increasing vari 
Investment Casting ety of uses of the instruments in 


eliminates milling machine and operator industrial production and research 
Investment Casting Also included are recorders for meas 


eliminates fail d spoil uring ph, daylight illumination, ele 
————— ee trolytic conductivity, and weight or 
Casting Engineers', Inc. mechanical loads. Contains illustrations 


method is resulting in substantial economies in the of installation 
production of metal parts of all kinds, especially 
those of intricate design or where materials used 
make it impossible or costly to machine. 


(M-4) RECORDERS AND INDICA 
l'ORS— Minneapolis-Honeywell Regu 
lator Co. Catalog 1520, 45 pp. Con 
tains information on the Electronik 
non-control precision instruments for 
measuring temperature, pressure, flow 
"o pH, and other variables. Has specifica 
* tions for each model. Has many illus 
Z N trations showing construction, installa 
40N (XS i , 

tion, and application of the various 


CASTINGIENGINEER SM 


SE), For a guide fo important savings, send 
s o today for new booklet "Cost Reductions 
VU Snr Through Investment Castings” 


(M-5) INDUSTRIAL X-RAY 

Westinghouse Electric Corp., Catalog 
104-000, 44 pp. A guide for a com 
plete line of accessories, and supplies 
required for the industrial x-ray instal 


INCORPOR 


2323 BOSWORTH AVENUE, CHICAGO 14, ILL. 
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Heres Help on Your 


DRIVES 


Allis-Chalmers Matched Motors, Control and V-belt Drives 
Save Design Time and Cut Manufacturing Cost 


=. CAN SAVE TIME, SAVE WORK, be sure of 
your power train design when you use coordi- 
nated components from Allis-Chalmers. For Allis- 
Chalmers can supply you with control, motor and 
Texrope V-belt drive for your machine . . . all of 
one manufacture. 


UNIT RESPONSIBILITY 


By using Allis-Chalmers coordinated. drive com- 
ponents, you save paperwork and the time required 
to match parts from different sources. More im- 
portant, you know that the components will fit to- 
gether properly. And you don't have to worry about 
passing the buck on service. One reliable company 
stands behind the complete drive. 


ENGINEERING HELP 
Every Allis-Chalmers representative is an experi 
enced engineer who can give you the kind of help 
you need in selecting the best drive for your ma- 
chine. And this team of field experts is backed by 
a large factory engineering staff. 


CERTIFIED SERVICE 


Allis-Chalmers continues to serve you after the sale 
with 97 Certified Service Shops located in every 
industrial area in the country. Certified Service 
Shops are carefully selected independent shops that 
use only factory approved parts and methods in 
servicing Allis-Chalmers equipment. 


ALLIS-CHALMERS 





tandard and 
Special Motors 

for Almost 
Every Purpose 


D" THIS CHART YOU WILL FIND a standard type 
Allis-Chalmers motor to fit nearly every design 
need from 1⁄2 hp up. Many of them have exclusive 
construction features, such as fin cooling and tube 
cooling, which offer you premium performance with- 
out premium price. Many times these features will 
enable you to improve your design without adding to 
the cost of the machine. 


And, of course, modifications from strictly standard 
designs can easily be made to fit your particular re- 
quirements. 

If you have a special problem, Allis-Chalmers will 
gladly furnish experienced design engineers to help 
you work out your motor problems. Allis-Chalmers 
design engineers are particularly helpful because A-C's 
strong background in control, drives and many types 
of driven machines gives them an especially intimate 
knowledge of motor requirements. 


“Motor Rerating Schedule 


Smaller motors will be rerated and changed 
in size in accordance with the NEMA rerate 
schedule. Check with your Allis-Chalmers 
District Office on smaller horsepower ratings 


after January 1, 1954. 


DRIP * 
and 
SPLASH 
PROOF 


TEFC? 
and 
EXPLOSION 
PROOF 


TUBE 
TYPE 


GEAR 
MOTORS 


FLANGE* | 


VERTICAL 





RANGE 


V5 to 300 hp. 450 to 3600 rpm. 208, 
220, 440, 550 volts. Frames 203 to 445 
in AP construction. 504 and larger in AW 


CONSTRUCTION 


Stator yokes for AP motors are cast iron. 
AW motors are built with cast steel yoke 
heads, with integral mounting feet, and 
heavy continuous-welded steel drip cov- 
ers. Stator slots are semi-closed for the 


RANGE 


1^5 to 100 hp. 600 to 3600 rpm. 208, 220, 
440, 550 volts. Frames 203 to 254 in 
non-ventilated construction. Frames 254 
to 505 TEFC construction. 


CONSTRUCTION 


Special non-clogging design blows itself 
clean, is easy to wipe or blow off if oily 
or moist dirt sticks. 

Fan-cooled and non-ventilated types 
have the same construction except that 


RANGE 


40 to 2500 hp 
220, 440 


in larger sizes 


CONSTRUCTION 


Ventilating system is simple but highly 
ethcient. The frame 
nest of tubes 


inside 


600 to 3600 rpm. 208, 


550 volts plus higher voltages 


is surrounded by a 
Internal fans circulate the 
air around the tubes, while an ex- 
ternal fan drives outside air through tubes 
to dissipate the 
permits separate 


This arrangement 
internal air circulation 


heat 


RANGE 

7.5 to 520 rpm with 1750 rpm motors. 
1 to 50 hp. 206, 220, 440, 550 volts. 
Horizontal or vertical types. 


CONSTRUCTION 


Integral type uses round frame, D-flange 
motor, resulting in shorter overall length 
All-motor type uses standard foot-mount- 


RANGE 


1^ to 150 hp. 450 to 3600 rpm. 208, 220, 
440, 550 volts. Frames 203 to 505 in all 
constructions. 


CONSTRUCTION 


NEMA C face and D flange mounting 
construction is available in frames 505 
and smaller in the same range of rating 


RANGE 

l5 hp and up. 450 to 3600 rpm. 208, 
220, 440, 550, 2300 and higher voltages. 
Frames 203 to 505 and up. 


CONSTRUCTION 
Vertical motors with NEMA type P bases 


smaller sizes, open type with form-wound 
coils for the larger sizes. Windings are 
multiple dipped and baked. Rotors are 
cast aluminum with integral fans in frames 
405 and smaller. Copper or copper alloy 
with brazed end rings is used for larger 
ratings. Bearing end shields are cast iron. 
Ball bearings are available in all sizes. 
Sleeve bearings in some larger sizes. 


MODIFICATIONS 


Basic motor is open drip-proof rated 40° 


the fan-cooled motors have an external 
fan and fan shield to circulate and direct 
air over the motor enclosure. Stator yoke 
is ribbed cast iron, designed for easy clean- 
ing. Stator winding is the same as in open 
types. Bearing and shields are ribbed cast 
iron. Ball bearings are used except for 75 
and 100 hp, 3600 rpm motors, which 
have split sleeve bearing construction. 


Explosion-proof motors have extra deep 
rabbeted housing fits and bearing seals. 
All seals are metal to metal. 


Cleaning is easy but seldom necessary 
Stator yoke is heavy fabricated steel plate 
Cooling tubes are generally copper but 
may be of other Rotor con 
struction is determined by speed, rating, 
and application. Bearing end shields are 
heavy cast iron, with internal and exter 
nal ribs. Sleeve bearings available in all 
ball bearings in most 


materials 


sizes Explosion 
proof motors differ from standard en 


closed machines only in details 


MODIFICATIONS 


Basic motor ts totally-enclosed, fan-cooled 


ed motor—recommended whenever space 
permits. AGMA Class I, II, III gears for 
steady loads, moderate shock loads, and 
heavy shock loads respectively. Gears have 
compact, rigid, all-steel housings. Large 
shafts, husky bearings and strong bearing 
mountings resist severe loading. Heat 
treated alloy steel helical gears are lubri- 
cated by direct dip for safe continuous 


as the AP and AW types of motors shown 
at left, including mechanical modifications 
such as splash-proof and enclosed con 
struction. Construction features and elec- 
trical modifications available are also the 
same as for the standard motors. 


MODIFICATIONS 


Flange motors may be supplied with or 


are available in the same range of ratings 
as the AP, AW, and AZ types shown at 
left, including mechanical modifications 
such as totally-enclosed and explosion- 
proof construction. Construction features 
and electrical modifications are same as 
for standard horizontal motors. 


C continuous, NEMA Design B. Design 
A, C and D motors also are available. 
Other electrical modifications available 
include 110 volts on frames 326 and 
smaller and 2300 volts on frames 445 
and larger, and multi-speed motors with 
constant torque, variable torque and con- 
stant horsepower. Mechanical modifica- 
tions include splash-proof rated 50° C 
continuous. Other modifications, both 
mechanical and electrical, can be made to 
suit your specific requirements. 


MODIFICATIONS 


Basic motor is totally-enclosed, fan-cooled 
rated 55° C continuous, NEMA Design 
B. Design A, C and D motors also are 
available. Same electrical modifications are 
available as in open types. Mechanical 
modifications include non-ventilated in 
smaller sizes and explosion-proof, both 
ventilated and non-ventilated, approved 
by Underwriters for Class I, Group D 
and Class II, Group F and G hazards. 


rated 55° C continuous, NEMA Design 
B. Design A, C, and D motors also are 
available. Same electrical modifications are 
Mechanical 
modifications include explosion-proof con 
struction in most sizes up to 800 hp at 
3600 rpm. Approved by Underwriters for 
Class I, Group D and Class II, Group F 
and G hazards 


available as in open types 


Cooling tubes may be 
made of any material to withstand corro- 
sive action of refinery vapors, fly ash, and 
other air-borne corrosives 
available in 


This motor 


vertical type in 


mounting 
all sizes 


lubrication, protected by heavy duty shaft 
seals. 


MODIFICATIONS 


Any standard motor may be used with 


the complete range of mechanical and 
electrical modifications shown above. In 
addition, special designs can be built to 
meet special problems. 


without feet, as required. Round frame 
motors without feet include a special 
ventilating fan to supplement the regular 
rotor fans. The mounting face or flange 
may be obtained especially machined to 
fit specific applications at moderate addi- 
tional cost. Motors may be mounted hori- 
zontally, vertically (except in certain 
cases) or at an angle. 


MODIFICATIONS 


Special bearings for additional thrust 
carrying capacity are available in some 
cases. Where required special lubricating 
and grease retaining features are available. 





2 offers a complete line of full voltage and 
reduced voltage motor starters to meet the require- 
ments of any type of ac motor drive. This includes manual 
or magnetic, reversing or non-reversing, single or multi- 
speed controllers. These starters as well as push button sta- 
tions are available in practically every type of enclosure, such 
as general-purpose, watertight, dust-tight and explosion-proof. 


Accessory control equipment includes d-c contactors, tim- 
ing relays, air and oil contactors for heavy duty starting and 
rotary control switches. Allis-Chalmers engineers have the 
specialized experience to coordinate your power utilization 
problems. 

Allis-Chalmers motor controls give you maximum line-to- 
motor protection with highly efficient operation and low 
maintenance. Tested performance has already proved the 
superior service qualities of all Allis-Chalmers motor controls. 

For more complete information on any specific control 
problem, call your nearby Allis-Chalmers District Office or 
write Allis-Chalmers, Milwaukee 1, Wisconsin. 


NEMA VOLTAGE TYPE 


RIPTION 
SIZE RANGE ENCLOSURES DESC 


One 


or 


115-230 General-purpose, dust- 


tight, water-tight, ex- 
Two a 
plosion-proof. 
Pole 


For manual across-the-line starting of frac- 
tional hp single-phase motors. 


110-550 


NO UAB WN O 


NOWUARWNH—O 


110-550 


110-550 
110-550 
110-550 
110-550 
220-550 
220-550 
208-550 
208-550 


208-550 
208-550 
208-550 
208-550 
208-550 
208-550 
208-550 
208-550 


110-550 
208-550 
208-550 
208-550 
208-550 
208-550 


General-purpose, dust- 
tight, water-tight, ex- 
plosion-proof. 


Sizes 0 to 4 are avail- 
able in general-pur- 
pose, dust-tight, water- 
tight, explosion-proof, 
and open types; Sizes 
5, 6 and 7 in all but 
explosion-proof. 


Sizes O to 4, general- 
purpose, dust-tight, 
water-tight, explosion- 
proof; Sizes 4 and 5, 
circuit breaker type 
only, general-purpose, 
dust-tight, water-tight, 


Sizes O to 4, general- 
purpose, dust-tight, 
water-tight, explosion- 
proof, Class Il, Group 
G, open; Sizes 4, 5 
and 6, all but explo- 
sion-proof. 


For manuol across-the-line full voltage start- 
ing and stopping of small squirrel cage mo- 
tors. Overload protection is provided but 
not undervoltage protection. Manual start- 
ers for single phase fractional hp motors 
ore also available. 


For across-the-line starting and stopping 
where full starting torque and current in- 
rush are permitted. As primary starting 
switches for wound rotor motors where man- 
val starting and speed regulation are pro- 
vided in the secondary circuit. Overload and 
undervoltage protection is provided. 


Same applications as above. Includes fusible 
or non-fusible disconnecting switch or air 
circuit breaker. Overload and undervoltage 
protection is provided. 


For across-the-line starting, stopping and re- 
versing of squirrel cage motors where full 
starting torque and current inrush are per- 
mitted. Also available as combination re- 
versing starters. 
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For starting of squirrel cage motors where it is desirable 
or necessary to reduce starting current inrush or starting | 4 
shock. Two point starting. Overload protection by hand- $ 3 
reset temperature overload relays. RMC has stop reset 

button on outside of case. Contacts are oil immersed drum 

type. Built in general-purpose semi-dust-tight, and explo- 

sion-proof NEMA 9. Also drip-proof hood available. 


220 For applications similar to above but starting and running 
440-550 - switches are ac electrically operated. Incomplete sequence 
2000-2500 relay is provided for transformer protection. The definite 
2501-4500 time transfer relay is adjustable. Overload protection by 
4501-5000 hand reset thermal relays. Under-voltage device for starters 
above 600 volts has time delay. All sizes built in general- 
purpose, semi-dust-tight and outdoor NEMA 3 enclosures. 
NEMA 4 water-tight and NEMA 5 dust-tight enclosures are 

available up to 600 hp 600 volts max. 


For non-reversing, and reversing service. Interrupting rat- 
ing ten times motor full load current. Resistor class 116 
for general starting duty and resistor class 156 for high 
inertia starting duty. Definite time, adjustable, motor- 
driven transfer relay. Thermal overload relays are hand 
set. Three-pole line and accelerating contactors are ac 
electrically operated. All sizes built in general-purpose, 
semi-dust-tight, water-tight and dust-tight enclosures. Two 
step increment starters for part winding motors are also 
available. 


220 For general-purpose applications with motors for driving 

440-550 - pumps, fans, compressors, conveyors, crushers, etc. Approx- 

2000-2500 imately 200 percent full load motor torque and current 

2501-4500 obtained on first point of acceleration. Thermal overload 
ond undervoltage protection is included. Available for re- 
versing service. Standard starters are NEMA 1 general- 
purpose enclosed. All sizes also available in semi-dust-tight 
as well as outdoor NEMA 3 enclosures. NEMA 4 water- 
tight and NEMA 5 dust-tight enclosures are available up 
to 600 hp, 600 volts max. 


Type 5852 drums control the secondary circuits of wound 
rotor motors for driving pumps, blowers, crushers, kilns, 
and similar non-reversing applications. They are used with 
a suitable primary circuit switch. Wiping action keeps con- 
tacts clean. Enclosed in general-purpose or semi-dust-tight 
case. 


All Allis-Chalmers synchronous motor starters feature: Posi- 
tive synchronizing, full motor protection, maximum accessi- 
bility, easy adjustment, and long life. Application and 
removal of dc field excitation is automatic. Magnetic 
starters use magnetically operated power starting devices. 
The semi-magnetic type is furnished for reduced voltage 
service only. All of these starters use the new type 230 
polarized field frequency field application and removal 
relay and have these protective features: overload, under- 
voltage, pullout protection, and shut-down in case of in- 
complete starting sequence. Standard starters are NEMA 
1 general-purpose enclosed. All sizes also available in 
semi-dust-tight as well as outdoor NEMA 3 enclosures. 
NEMA 4 water-tight and NEMA 5 dust-tight enclosures are 
available up to 600 hp, 600 volts max. 


To 1250 Enclosed magnetic full and reduced voltage starters with 
To 2250 high interrupting capacity current limiting disconnecting 
To 1250 type fuses. Can be connected directly to circuits requiring 
To 2250 up to 150,000 kva interrupting capacity at 2300 volts and 
To 1500 250,000 kva at 4160 or 4600 volts, without the necessity 
To 2500 of a back-up circuit breaker. The high capacity fuses are 
To 1500 of the current limiting type and thus limit short circuit cur- 
To 2500 rent to a low, safe peak value. Available with choice of 
To 700 air or oil immersed main starting contactors. Standard 
To 1250 units are NEMA 1 general purpose enclosed. All sizes are 
also available in semi-dust-tight and NEMA 3 outdoor en- 
closures. Maximum ratings are with air break main line 
contactors. Ratings are slightly less with oil immersed 
contactors. 



































































































































































































E STRIAL V-BELT DRIVES were originated by Allis- 
Chalmers and there are more T'exrope industrial multiple 
V-belt drives in operation than any other kind. Allis- 
Chalmers application engineers are always ready to bring the 
experience gained in engineering these thousands and thou- 
sands of drives to bear on your particular drive problem 
This means that when you use Texrope V-belt drives on 
your machines, you can be sure of getting exactly the right 
drive for your requirements 


You can be sure that the Texrope line includes everything 
you need in the way of V-belt drive components because che 
Texrope line covers more needs belts, constant speed 
sheaves, variable speed sheaves and speed changers with 
a wider range of sizes and types than any other line. When 
you are thinking about a drive for your machine, call your 
nearest Allis-Chalmers District Office for the kind of help 
that will aid you in producing the best possible machine at 


the lowest possible cost 


Super-7 Texrope belts are made in two constructions. For 
the smaller cross-sections, A and B, the laminated construi 
tion is used. In this construction, the load carrying section 
of the belt consists of many layers of hard twisted rayon 
cord impregnated with and surrounded by rubber. A thick 
cushion of pure rubber protects the cords so their full 


strength can be devoted to carrying the load 


In the larger section belts, C, D, and E, the exclusive 
grommet construction is used. This famous heavy duty con- 
struction gives from 30% to 50% longer life under severest 
operating conditions according to tests under actual running 
conditions. The grommet is an endless loop of hard-twisted 
rayon cord which is concentrated at the points of greatest 
strain. Since the grommet is endless, there is no stiff ov erlap 


to set up strains in the belt and eventually break down 


Standard Super-7 Texrope belts are heat resisting and will 
operate safely in temperatures as high as 160 degre es, pro 
viding there is some circulation of air. This is the belt used 


on the great majority of Texrope drives. 


High Capacity Super-7 Texrope belts have 40% greater 
horse power transmitting capacity and sell at a proportionate 
ly higher price than Standard belts. They are designed for 





Most Complete Line 









of V-Belt Products 


drives where Standard belts normally cannot be used or 
where extra heavy duty belts are a worthwhile investment. 
Like the Standard, the High Capacity is heat resisting and in 
addition has a Neoprene cover impregnated with a static 
conducting element, making it an Oil Resisting and Static 
Conducting belt. It is the belt to use where oil or static is a 
factor. High Capacity belts are made in all standard sizes 
and lengths and have the same pitch lengths as Standard 
belts. A High Capacity belt is designated by the letter “M” 
inserted in the serial number (Ex: CM144). 


Wide Ror at V-belt 


Texrope Q, R, S and T Section V-belts are generally known 
as wide range belts. Being wider than the conventional A, 
B, C, D and E Section V-belts they effect a wider range of 
speeds when used with wide range Vari-Pitch sheaves. The 
Q and R Section belts are used with wide range Vari-Pitch 
sheaves and in the smaller speed changer units. S and T 
section belts are used in the larger speed changers 

Wide range belts are specially constructed for flexibility 
and crosswise rigidity. They are both oil-proof and static- 
resisting. As stock belts for new drives and for replacement, 
they are carried on hand in all sizes at the factory. 


FHP | n 


The same sound engineering principles that have made 
Super-7 Texrope V-belts leaders in the industrial field, have 
gone into the development of FHP Texrope V-belts for 
fractional horsepower service. These V-belts are shock ab- 
sorbing, with tough, pre-stretched cable cords for added 
strength and flexibility. Rubber impregnated cable cords 
reduce internal friction lessen heat deterioration. Duplex- 
Sealed two-ply covers protect belts offer maximum re 


sıstance to wear. 


Texrope V-belts are built in a true "V" shape with straight 
sides. As the belt bends around a sheave it has a natural 
tendency to bulge at the sides. This bulge is confined by the 
rigid V-shaped grooves of the metal sheave. This results in 
high pressure contact between sides of the belt and the 
groove walls, thus producing a strong, vise-like grip — the 
famous Texrope Drive grip. And with this famous V-belt 
grip you get dependable, non-slip performance. 
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How Magic-Grip sheave works 


Aagic-Grip Constant Speed Sheaves 


The Magic-Grip cast iron sheave is designed for fast, easy 
mounting and demounting. It is clamped quickly and firmly 
to the shaft by tightening a few screws which compress the 
split tapered bushing sleeve. A small handy wrench — fur- 
nished free with every Magic-Grip sheave — is the only tool 
needed. 


HERE'S HOW IT WORKS ... The tapered split sleeve of 
bushing slides almost all the way into the tapered bore of 
the sheave without forcing. The sheave, complete with bush- 
ing, is placed on the shaft as a unit. Tightening the screws 
draws bushing deeper into tapered bore — compressing the 
split sleeve — and locking entire sheave uniformly to shaft. 
Torque is transmitted through keys. 


TWO STYLES OF BUSHING . . . Magic-Grip bushings 
are made in two styles. C style has separate "free moving" 
steel collar and axially adjusted capscrews. It is used in all 
B, C and D section and the larger sizes of A-B section 
sheaves. Style NC has no collar and radially adjusted set- 
screws. It is used in the smaller sizes of A-B section sheaves. 
The style NC bushing is especially designed to allow maxi- 


Model C Magic-Grip sheave 


Medel NC Magic-Grip sheave 









mum bore in the smaller diameter sheaves. Both style bush- 
ings make use of the same principle and are equally simple 
to operate. Complete instructions furnished with every sheave 


ADVANTAGES OF MAGIC-GRIP SHEAVES... Patented 
construction is simple, foolproof. You simply slip the as- 
sembled unit on the shaft — slide it to desired position and 
tighten the screws. The result is smooth running perform- 
ance — no wobbling action — no vibration ! 


STOCK SIZES 


j Das am " = y 
*A-B SECTION B SECTION C SECTION D SECTION 
i i t 

1 to 6 Grooves 2 to 10 Grooves 3 to 10 Grooves 5 to 12 Grooves 
Pitch Diameter Pitch Diameter Pitch Diameter Pitch Diameter 
3.0 5.0 10.6 5.4 6.8 15.4 9.0 10.2 24.0 13.0 18.0 
3.2 352 12.8 5.6 7.0 16.0 9.2 10.6 30.0 13.4 22.0 
3.4 5.4 15.0 5.8 7.4 18.4 9.4 11.0 36.0 13.8 27.0 
3.6 5.6 18.0 6.0 8.6 20.0 9.6 13.0 44.0 14.2 33.0 
3.8 5.8 19.6 6.2 9.4 25.0 9.8 16.0 50.0 14.6 40.0 
4.0 6.0 24.6 6.4 11.0 30.0 10.0 20.0 15.0 48.0 
4.2 6.2 29.6 6.6 12.4 38.0 15.4 
4.4 6.4 37.6 13.6 
4.6 7.0 
4.8 8.2 

9.0 


Á A. 


*P.D. shown is À Section. To find B Section P.D. add .4 inch 
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Speed adjustment on your machine may do much to increase 
its value to your customers. Easy speed adjustment makes 
it possible to adjust the machine to optimum operating 
speeds or to vary the speed to suit varying conditions. Allis- 
Chalmers offers several reliable methods of changing ma- 
chine speeds, depending on the requirements of the partic- 
ular application. 

ADJUSTABLE SHEAVES . . . Give exact speed adjustment 
by means of threaded plate which carries groove sides closer 
or farther apart. Available for A and B belts from fractional 
to 4 hp. Adjustable while stationary only. 

STANDARD RANGE VARI-PITCH SHEAVES . . . Uses 
A, B, C, D or E section belts to produce speed variations up 
to 28%. This type of drive is available from 1 to 300 hp. 
Designed for either stationary control or motion control. 
Stationary control sheaves may be adjusted only while sheave 
is not running and is usually used where speed changes are 
relatively infrequent and where the speed to be obtained can 


fi^. 


be pre-determined. Where adjustment while the drive is 
running is desired, motion control can be used. This method 
is recommended where speed changes are frequent or where 
adjustment must be made while observing the machine in 
operation 


WIDE RANGE VARI-PITCH SHEAVES 
R section belts to produce speed variations up to 100% 
This type of drive is available from 115 to 40 hp. Designed 
for either stationary or motion control and operates on ex- 
actly the same principle as the standard range Vari-Pitch 
drive. Wide range Vari-Pitch drive is also available in the 
automatic sheave. This sheave has a belt tension stabilizer 
which automatically adjusts the pitch diameter of the sheave 
to keep the belt in proper tension as the motor is moved 
back and forth on its base. This arrangement gives a wide 
range of speeds by simply adjusting the position of the 
motor by means of the take-up device, usually a screw 
Texslide bases are particularly well suited to this operation. 


. Uses Q and 
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Fractional Horsepower Pumps 


COMPLETE LINF of frame-mounted and close-coupled 
A horizontal and vertical pumps for coolant circulating, 
air conditioning and hundreds of other uses. Close-coupled 
designs combine motor and pump in one easy-to-mount unit 
while frame-mounted type can be driven through coupling 
for Texrope V-belt drive. Mechanical seal is standard except 
on some sealless models designed especially for handling 
coolants with chips and abrasives in suspension. Choice of 


motor enclosures on close-coupled models. 


BULLETIN CAPACITY TO HEADS TO 


Horizontal Close Coupled | 5287529 80 GPM 140 FT 
| 





Vertical Close Coupled 52B6975 250 GPM 125 FT 


5286691 500GPM | 135FT 


Frame Mounted 


Larger Pumps 


Allis-Chalmers builds a complete line of centrifugal pumps, 


both close-coupled and frame-mounted, for almost every 
service. In addition to the famous Electrifugal close-coupled 
pump with the unit-cast frame, the line includes the support- 
ing adapter type of close-coupled pump and frame-mounted 
pumps with both oil and grease lubricated ball bearings. 


Capacities range to 2500 gpm and heads to 550 feet. 


Electrifugal, Texrope, Vari-Pitch, Magic-Grip, Super-7 and Texslide 
are Allis-Chalmers trademarks. 


ALABAMA 

Birmingham 3, 2000 First Ave., North 
ARIZONA 

Phoenix, 30 West Madison St 
CALIFORNIA 

Los Angeles 13, 417 S. Hill St. 

San Diego 1, 747 Ninth Ave 

San Francisco 7, 650 Harrison St 
COLORADO 

Denver 909 17th Street 
CONNECTICUT 

Hartford, 750 Main St 

New Haven 10, 157 Church St 
DISTRICT OF COLUMBIA 

Washington 5, 14th & H Sts., N.W 
FLORIDA 

Jacksonville 7, 1628 San Marco Blvd 

Miami 32, 25 S.E nd Avenue 

lIampa 2, 405 S. Morgan St 
GEORGIA 

Atlanta 3, 57 Forsyth St., N.W. 
ILLINOIS 

Chicago 5, 135 So, LaSalle St 

Peoria 301 S. Adams St 

Rocktord, 303 North Main St 
INDIANA 

Evansville 9, 129 Locust St. 

Indianapolis 4, 11 S. Meridian St. 
IOWA 

Davenport, 326 W. Third St 

Des Moines, 206 Sixth Ave 
KANSAS 

Wichita 2, 111 So. Main St 
KENTUCKY 

Louisville 2, 241 S. Fifth St 
LOUISIANA 

New Orleans 12, 210 Baronne St. 

Shreveport 23, 624 Travis St 
MAINE 

Augusta, 2691, Water St 
MARYLAND 

Baltimore 18, 1115 East 30th St. 
MASSACHUSETTS 

Boston 1 31 St. James Ave. 
MICHIGAN 

Detroit W. Grand & 2nd Blvds 

Grand Rapids 2, 5-7 Lyon St., N.W. 

Jackson 17 W. Michigan Ave 
MINNESOTA 

Duluth 2, 10 E. Superior St 

Minneapolis 2, 821 Marquette Ave. 
MISSOURI 

Kansas City 6, 6 East lith St 

St. Louis 3, 1205 Olive St 
MONTANA 

Butte, 81 Hirbour Building 
NEBRASKA 

Omaha 14th & Farnam Sts. 
NEW JERSEY 

Newark 2, 1060 Broad St 


Distributor 


O fice 


NEW MEXICO 
Albuquerque, 323 3rd St., S.W. 
NEW YORK 
Buffalo 3, 535 Washington St. 
New York 7, 50 Church St 
Rochester 4, 241 East Ave 
Syracuse 2, 472 S. Salena St. 
NORTH CAROLINA 
Charlotte 2, 212 S. Tryon St. 
OHIO 
Akron 8, First National Tower 
Cincinnati 7 17 Vine St 
Cleveland 14, 815 Superior Ave., N.E 
Toledo 4, 245 Summit St 
Youngstown 3, 25 E. Boardman St. 
OKLAHOMA 
Oklahoma City 1, 401 N. Harvey St 
Tulsa 3, 320 E. Archer St 
OREGON 
Portland 4, 520 S.W. 6th Ave. 
PENNSYLVANIA 
Philadelphia 3, 1617 Pa. Blvd. 
Pittsburgh 19, 421 Seventh Ave. 
Wilkes-Barre, Market & Franklin Sts. 
York, 42 East King St. 
RHODE ISLAND 
Providence 3, L11 Westminster St. 


TENNESSEE 
Chattanooga 2, 737 Market St. 
Knoxville 2, 531 S. Gay St 
Memphis 3. 46 N, Third St. 
TEXAS 
Amarillo, 301 Polk St 
Beaumont, 490 Bowie St 
Dallas 2, 1800 N. Market St 
El Paso, Corner Oregon & Mill Sts. 
Fort Worth 1, 408 West 7th St. 
Houston 3, 1719 McKinney Ave. 
San Antonio 5, Commerce and 
Main Ave 
UTAH 
Salt Lake City 1, 136 S. Main St. 
VIRGINIA 
Richmond 19, 627 East Main St. 
WASHINGTON 
Seattle 1, 1318 4th Ave 
Spokane 1, West 422 Riverside Ave. 
WEST VIRGINIA 
Charleston 1, 179 Summers St. 
WISCONSIN 
Milwaukee 2, 715 N. Van Burn St. 
CANADA 
Montreal, Quebec, 1520 Mountain St 
Toronto, Ontario, 629 Adelaide St. W. 
Winnipeg, Manitoba, 56 Albert St 
Calgary, Alberta, 805 Greyhound Bldg. 
Vancouver, B.C., 1200 W. Pender St. 


hroughout the United States 


throughout the world. 
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The remarkably wide range of uses to which components 
made and processed by Western Felt is astonishing. 

It is serving in scores of industries—from women’s hats to 
50 ton forge hammers. In the automobile field alone, 

as an example, this felt has been chosen to best serve in 
more than thirty purposes per car. 

Western Felt engineers and chemists for decades have worked 
in close cooperation with users of felt to give them the very 
highest quality of material, exactness and uniformity. There 
are still a world of potential uses for Western Felt 
products, made to almost any shape, size or consistency. 
They range from wool-softness to rock-hardness. 

When cut, it does not tray or lose shape. It 

can be cut to close tolerances for such products 

as gaskets, washers, channels, grommets, filters, 

seals, etc. It can be made waterproof and fungus-proof 

and flame resistant. Ask Western Felt engineering co- 


operation—they have specialized knowledge to aid you. 


WESTERN 1 
4035-4117 Ogden Ave. 
Chicago 23, Illinois ' 


Bronches in all Principal Cities WORKS 


MANUFACTURERS AND CUTTERS OF WOOL FELTS 


Product Engineering — 1954 Annual Handbook 





PRECISION 
MACHINES 


BENDERS 
5 hand models 
2 power models 


SHEARS 
4 hand models 
4 power models 


lation. Divided into four categories; 
films and chemicals; radiographic ac- 
cessories; dark room accessories; and 
viewing and filing equipment. 


(M-6) PRACTICAL DIMENSION- 
ING—Gisholt Machine Co. Booklet 
40 pp. Discusses such terms as clear- 
ance, tolerance, and limits, and gives 
examples of good dimensioning on dif- 
ferent types of drawings. 


(M-7) PRECISION GAGES — Nils 
son Gage Co. Inc., Catalog D 36 pp 


ROD 
PARTERS 
2 hand models 


| power model 


Contains description and many illus. 
trations and drawings of a line of dial 
bore gages covering a range from 3/16 
in. to 12 in.; the dial snap gage; dial 
groove and groove location gages; and 
PUNCH the dial pitch diameter gages. Specifi 
PRESSES cations of each gage given 


ae (M-8) DRAFTING ROOM EQUIP 
MENT—Engineering Mfg. Co. Cata 
log 7A, 36 pp. Has illustrations and 
information on a complete line of 
drafting room furniture and equipment 
Includes: drawing kits, drafting 
! power model / boards, chairs, triangles, T-squares, 
and other devices. 


for Die-less Duplicating 


2 power models 


BENDING 
MANUAL 


gives exact methods 
for making parts by tor bending processes 
Die-less Duplicat in a variety of ma- 
ing the money terials. Over 90 dia- 


aue ceng e — wem end charts | BRAKES (M-9) AMERICAN STANDARDS 
a a [ 10 hand model PRICE LIST — American Standards 
ROLLERS * d S 


Di-arco tions 
t S. Rar iiai Association, 32 pp. Contains prices for 
O'NEIL-IRWIN MANUFACTURING CO. E models 


NOTCHERS 


l hand model 


CATALOG 
packed with ideas 


Sent on Request 
~ products used in various industries 
421 8 A Loke City, Mi > : 
S! Included are: civil engineering and 





ÀA S € 4 oJ vow uw M WO] Phoenix Standardized 
COMPLETE CONTROL PANELS m» : SO - Custom Service Gives 
YOU Lower Costs 


HOLDERS E] 


Check these quality brush-holder features 
with the virtual certainty that Phoenix can 
supply brush-holders to your exact require- 
ments at lower cost than you can make 
them! ... light weight... high strength 
materials ... full ventilation . . . uniformly 

ra i close tolerances ... patented “stay-put” 

| terminal clip... deliveries as promised. 
Act to get the new Phoenix Catalog today. 
Write for Catalog 53N > 


PHOENIX ELECTRIC MANUFACTURING CO. P 
711 WEST LAKE STREET CHICAGO 6, ILL. 


... for All Types of Equipment 


To these problems we bring two broad values: (1) knowl- 
edge of electromagnetic control operations gained by an 
experience going back to 1888 and (2) a wide range of 
well proved electromagnetic control devices such as trans- 
fer switches, remote control switches, contactors and relays 
which we incorporate in the design of ASCO Complete 
Control Panels. 


Let Your Co-Workers 
Read Your HANDBOOK 


Our engineers will be glad to help you work out the most 
efficient control system for your equipment. 
See Section J for data on ASCO Solenoid Valves and 


: Those of your associates who don't now subscribe 
Section | for'data on ASCO Electromagnetic Control Units. y 


to Product Engineering will appreciate seeing your 


Photó above—SHELL-O-MATIC— produces precision shell molds in HANDBOOK of Product Design. 


90 seconds or less! 


ASCO Solenoid Valves sequenced by ASCO Relays completely 
control the operation! 


Automatic Switch Co. 


385 LAKESIDE AVENUE - ORANGE, NEW JERSEY 


Be sure they return it, though! Along with last year’s 
edition, you'll find this new HANDBOOK—and every 


year’s new issue—constantly useful in your work. 
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Presenting some outstanding “portraits” from 


d THE LYCOMING GALLERY 
OF FAMOUS 
a AMERICAN PRODUCTS 


... featuring Lycoming’s contributions to 
these products as seen through the eyes of 
Boris Artzybasheff, one of America’s 





> . 
great contemporary illustrators. 

e E : i 

| Look closely—one of these achievements for America’s “Sinews” 
a a 7 E me x E p a à sa 
€ industrial and military leaders may indicate how Lycoming to give cars “go 

) S i 7 ~ 
al can solve your metal-working problem. For vital automotive parts— 

1 See how these “portraits” help interpret Lycoming's precision-machined compo- 
id bili S } 1 I ae n nents that can **take it," year 
n abi iti s. See why you can depend on Lycoming s versatil- after vear, loading entomebile 

ity of skills, extensive facilities, and well-rounded experi- manufacturers like FORD, have 

p ence to meet your most rigid metal-working requirements. long looked to Lycoming 


Whatever your problem—whether you need creative 


engineering for **just an idea" or precision or volume pro- 





duction of a finished product—*Look to Lycoming" 





ot 
" For a more complete story on Lycoming's varied abilities 
ng and facilities, write—on your company letterhead—for the 
es interesting, illustrated booklet **Let's Look at Lycoming." 
lw, 
x — 
DS Presenting some of America’s leaders who ; 
rds LOOK TO LYCOMING 
tor AERO DESIGN AND ENGINEERING COMPANY INTERNATIONAL BUSINESS MACHINES CORPORATION 
(es AMERICAN CAR AND FOUNDRY COMPANY KAMAN HELICOPTER CORPORATION 
1 t : NAV OF S 
ind AIR MATERIEL COMMAND AVY BUREAI AERONAUTIC : 
i ; > ANY “Blasts” for jets 
BEECH AIRCRAFT CORPORATION NEW IDEA FARM EQUIPMENT COMPANY 
BENDIX AVIATION CORPORATION PIASECKI HELICOPTER CORPORATION To precision-produce tough, 
- CESSNA AIRCRAFT CORPORATION ,PIPER AIRCRAFT CORPORATION unfailing major components 


d THE CLEVELAND PNEUMATIC TOOL COMPANY PRATT & WHITNEY AIRCRAFT that put the **blast" in its su- 


DOMAN HELICOPTERS, INC. RYAN AERONAUTICAL CORPORATION perb J-47 jet engine GENERAI 
s FOOD MACHINERY & CHEMICAL CORPORATION SYLVANIA ELECTRIC PRODUCTS, INC. ELECTRIC looks to Lycoming 
s THOMPSON PRODUCTS, INCORPORATED 


FORD MOTOR COMPANY 


4 S ) NAN 
GENERAL ELECTRIC COMPANY U.S. ARMY ORDNANCE 


WESTING s » 
GENERAL MOTORS CORPORATION ESTINGHOUSE ELECTRIC CORPORATION 


CHEVROLET-AVIATION ENGINE DIVISION WRIGHT AERONAUTICAL DIVISION 
DETROIT TRANSMISSION DIVISION CURTISS-WRIGHT CORPORATION 


b i 





How a helicopter New “ticker” for tanks How a jet engine “Air horses” for 

hangs by its “elbows” Foradependabletank**heart" runs on its "nerves" lifesaving over the sea 
For flexible *elbows"— rotor | 500 horsepower's worth of To produ: e the auxiliary To help swell the produc tion 
issemblies that control the | rugged, air-cooled engine “nerve center” for its J-40 ofthe mighty Wright-Cyclone 
ımazingmaneuversofitsH-21 | wu. s. ARMY ORDNANCE looks to jet engine—a complex gear- engine—dependable“horses”’ 
“Work-Horse”’ Helicopter Lycoming, pioneer in the air- box that transmits power to for air-sea rescue work 
PIASECKI looks to Lycoming cooled engine field. vital accessories— WESTING- CURTISS-WRIGHT and the v. s. 
for precision produc tion. HOUSE looks to Lycoming. AIR FORCE look to Lycoming. 





FOR RESEARCH * FOR PRECISION PRODUCTION 


-LYCOM ING 


Lycoming-Spencer Division, Williamsport, Pa (qvo) Bridgeport-Lycoming Division, Stratford, Conn. 


AIR-COOLED ENGINES FOR AIRCRAFT AND INDUSTRIAL USES « PRECISION-AND- VOLUME MACHINE PARTS « GRAY-IRON CASTINGS « STEEL-PLATE FABRICATION 


Product Engineering — 1954 Annual Handbook 














-— X 


PROBLEMS OF REMOTE CONTROL 
AND POWER TRANSMISSION 


In standard assemblies or designed to your specifications 


If you're working on a problem of torque or impulse 
transmission, Walker-Turner can help. 

Pioneer in flexible shafting, Walker-Turner has assisted 
in developing many important applications now serving 
the automotive, aeronautical, electronics and industrial 
machinery fields, and is continually exploring new 


applications for this adaptable type of drive and control. 








without obligation. 



















































California 

M.F. Huseby Company, Inc 

2501 Yates Avenue 

Los Angeles 22, Calif 

Tel: Underhill 0-4529 
Connecticut 

Hammeal & Lawrence Co 

99 Robbins Drive 

Wethersfield 9, Conn 

Tel: Hartford 9-2080 
Georgia 

Mr. Lawrence E. Gibbs 

278 Evreko Drive, N.E 

Atlanta, Georgia 

Tel: Gherokee 8370 
Indiana 

Mr. Victor H. Drummond 

3465 College Avenue 

Indianapolis, Indiana 

Tel: Winthrope 2362 
Michigan 

Eugene J. Gardulski 

15486 James Couzens Highway 

Detroit 21, Michigan 

Tel: University 4-5053 
Missouri 

Mr. Ralph D. Einsel 

Hotel Kansas Citian 

1216 Broadway 

Kansas City, Missouri 

Tel: Harrison 4410 
New Jersey 

Mr. Edmund G. Ryan 

113 Central Avenue 

Point Pleasant, N. J 

Tel: Point Pleasant 5-2963 
New York 

Martin Miller, Inc 

401 Broadway 

New York, New York 

Tel: Canal 6-4950 

Mr. Edward T. Bonner 

44 Stanford Road West 

Rochester 20, N. Y 

Tel: Monroe 8721-M 


Y ou are invited to make use of the comprehensive 


facilites of the Walker-Turner Engineering Department — 


For Complete Information 
Contact The Representative Nearest You 


Ohio 
Mr. Edward B. Grubb, Jr. 
286 Beeler Drive 
Berea, Ohio 
Tel: Berea 4-5082 
Pennsylvania 
Mr. Thomas A. Malek 
310 Oak Lane 
Wayne, Pennsylvania 
Tel: Wayne 3122 
Tennessee 
John T. Everett & Co. 
606 M & M Building 
P. O. Box 290 
Memphis 1, Tenn 
Tel: 37-4525 
Virginia 
Mr. Wiliam M, Keahey 
2102 North Scott St, 
Arlington, Virginia 
Tel: Owens 4037 
Washington 
D. H. Lundin & Company 
1127 E. Northlake 
Seattle, Washington 
Tel: Evergreen 1530 
Wisconsin 
Mr. Patrick J. Fitzharris 
3246 North Oakland Ave. 
Milwaukee, Wisconsin 
Tel: Woodruff 2-2014 
Mr. Sherman Margoles 
6784 W. National Ave. 


Milwaukee 14, Wisconsin 
Tel: Greenfield 6-8300 Ext, 407 





WALKER 


D 


\ e 
KEARNEY ANBITRECKERLCORPORATION 
PLAMMEIELD AN. J. 









Canada 
Mr. William E. Wilson 
Wilson & Company 
2149 Yonge Street 
Toronto 12, Ontario 
Tel: Hudson 8-8516 
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Recognized the Finest 


We monufacture all the conventional types 
of leather packings, Cup, Flange, 45° & 60° 
"w", “U” Packings, all scientifically engi- 
veered to specific application for vacuum, 
air, oil and hydraulic service. In addition, 
mechanical leathers, coupling discs, gaskets 
ond washers, etc. 
























INDUSTRIAL OI SEALS 








lems. For authentic information 






Let us solve your packing prob w 
* design and 
Produ 
| AND IMPROVED SHAFT anp pona IFIED 


OF ALL TYPES ae FACE SEALS 


ond successful packing design 


d to Your Specification 





Engineere 


| data write for our "Hydraulic 














izin 
lete technical facilities for $ and Pneumatic Packing Book.’ — FELT, SILICONE a 
we have comp ding ond molding of me- T 9 Materials either A other segi- 
compoun bination rly or in com 






designing, 
chanical Rubb 
Our extensive la 
cions are at your $ 
construction ow der—Bellows, Boots, 
We manufacture "arp. Dompeners, 
s for industrial 
pilot valves 


umps me- 





er Parts. 

boratory and 5 
ervice in the 
articular requir 







killed techni- 
design and 
ement 






Our seals are “ 
the retention of 

















ally every applic 


Packings, Seals, 
the requirements 


Rubber Bonded-to-Metal Part 
application such as 
thermo-controls, fuel p 
tering devices, etc 
Write now for our 32-pagt 
illustrated booklet 


ER CORP. 
























M 
Oy we Serve your Needs? 


1 | Since 1889 our combined years of ex- 


A BROAD COVERAGE 


| perience and industrial "know how" en- 
Our three companies offer manufactur- 


able us to solve magy product design 


| ortunity to obtain a complete 
| ers an opportunity to obtai P | TN problems where others have failed. 


Engineering Service and product pro- 







duction to specification in three separate 






Write, phone, or wire today giving par- 


fields—all "under one roof." ticulars. Of course, no obligation. 


H 


+ — 
XN b 
—-— + wap Ot d a ai Yo f 


Pg PET, en a j ee A ^ - 
CHICAGO BELTING COMPANY 
Allis Rubber Corp. — subsidiaries — Allis Seal Corp. 
123 North Green Street Chicago 7, Illinois 
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NEW BOOKS 


General Engineering 


Caa URE AT EE: 





Advanced Strength of Materials by 
J. P. Den Hartog, Professor of Me- 
chanical Engineering, Mass. Inst. of 
Tech. 379 pp., 6⁄2 x 91⁄4 in. Pub- 
lished by the McGraw-Hill Book 
Co., 330 W. 42nd St., New York 36, 
N. Y. $8.50. 

This volume is specifically designed 
to bridge the gap between books de 
voted to strength of materials and those 
lealing with theory of elasticity 

The first part of the book, which 
Overs torsion, stresses in uniform and 
non-uniform rotating disks, membrane 
stresses in shells, and beams on elasti: 
foundations, was developed for senior 
engineering students. The second part 
which includes two-dimensional theory 
of elasticity, energy theorems, buckling, 
and miscellaneous topics such as Mohr's 

le for three dimensional stress prob 
lems was given as a graduates course 
Following the presentation is a selected 
group of 217 problems to illustrate th 
ples disc ussed 
Legal Guide for Contractors, Archi- 
tects & Engineers by L. Vernon 
Werbin, Lawyer, Professional Engi- 
neer. 374 pp., 62 x 9 in. Published 
by McGraw-Hill Book Co., 330 W. 
t2nd St., New York 36, N. Y. $4.75 


Because the author is both 
J V ] er oir f 1 A 
} +l L1 1 
DOO noro Uy reviews ] 1 
1 
S Oo nc S ) mi I 
jh | th orm ) 
) O For [ 1 ng 
; I 
Ì ) i 
S Ww 1S f Ok 
S S rT whk 
Ü p W g AY € 
S ] ot f A 


Handbook of Engineering Funda- 
mentals by Ovid W. Eshbach; Sec- 
ond Edition; 6 x 9 in., John Wiley 
€ Sons, Inc., 440 áth Ave., Neu 
York 16, N. Y. $10. 


The first edition of 
book was well received by the engi 
neering entirety, 
ontained in compact form a great deal 
of the fundamental engineering data 
required for design, development and 


production This, the second editio: 


30 


has been considerably revised insofar 
as subject matter is concerned, but still 
ontains basically the same type of data. 

The 14 section headings listed are 
as follows: Mathematics; Physical Units 
and Standards; Mechanics of Rigid 
Bodies; Mechanics of Deformable Bod- 
ies; Mechanics of Incompressible 
Fluids; Aerodynamics; Engineering 
Thermodynamics; Electricity and Mag- 
netism; Radiation, Light, and Acous- 
tics; Chemistry; Metallic Materials; 
Non-Metallic Materials; Engineering 


Law 


Methods of Applied Mathematics 
by F. B. Hildebrand, Associate Pro- 
fessor of Mathematics, Massachusetts 
Institute of Technology. One of 
Prentice-Hall Mathematics Series, 
Dr. Albert A. Bennet, Editor. 6 x 9 
in., 523 pp. Published by Prentice- 
Hall Inc., 70 Fifth Ave., New York, 
Mos Bist 


The purpose of this volume is to 
place at the disposal of the engineer 
or physicist the basis of an intelligent 
working knowledge of a number of 
facts and techniques relevant to four 
fields of mathematics which are not 
isually treated in courses of the ad 
inced calculus typ 
procedur 
typical problems may 


establishing those parts of the 


In all cases, the 


showing how 


consists 


irise, Ol 


theory which are of principal practical 


significance, and of developing tech 
jues for analytical and numerical 
ilvsis and. problem solving 


Engineering Drawing by Thomas E. 
French, Late Professor of Engineer- 
ing Drawing, Ohio State University, 
and Charles J. Vierck, Professor of 
Engineering Drawing, Ohio State 
University. 6 x 9 in. 715 pp. Pub- 
lished by McGraw-Hill Book Co., 
330 W. 42nd St., New York 36, 
N. Y., 96. 


This new edition brings the text and 


problems up to date by eliminating 
obsolete material and incorporating the 
practices and techniques consistent with 
current standards. Material is now ar 
ranged in four basic divisions: First, 
the basic material on shape description 


Product 


Second, the chapters on size descrip- 
tion. Third, the basic machine ele- 
ments, fasteners, gears and 
Fourth, working drawings. 
New features include: chapter on 
orthographic reading is almost wholly 
new, t is now a complete treatise on 
the subject; material on screw threads 
and fasteners has been rewritten to 
conform to the new unified thread 
standards, Acme and stub Acme stand- 
ards, ASA bolt and screw standards 


cams 


Advanced Mechanics of Materials 
by F. B. Seely, Prof. Emeritus of 
Theoretical and Applied Mechanics 
and J. O. Smith, Prof. of Theoretical 
and Applied Mechanics, University 
of Illinois. 6 x 9 in., 680 pp. Pub- 
lished by Jobn Wiley & Sons, Inc., 
440 Fourth Ave., New York 16, 
N. Y. $8.50. 


Although methods of analysis are 
given careful attention throughout, 
equal emphasis is given to the engineer- 
ing evaluation and interpretation of the 
analyses as influenced by the assump 
tions made and principles used 

The treatment consists of six parts 
Part I includes such basic 
elementary stress formulas for stati 
loads, stresses and strain at a 
and theories of 


topic S as 


;»oint 
failure by yielding 
Part II treats some special topics like 
nonsymmetrical bx nding, curved flex 


wal members, beams on 


bea ontinuous 
elastic supports, flat plate, non-circular 
bars, thick-walled cylinders and con 
tact stresses 

Part III discussed localized stress and 
stress concentration, both theoretically 
and as determined by experimental 
echniques. Part IV covers energy 
methods. It includes considerations of 
energy principles for determining re 
lations between loads and deflection 
applications of Castigliano's theorem 
and deflections of members and simple 
structures by the unit load or dummy 
load method 

The fifth part 
ence of small elastic strain on the load 
carrying capacity of members and the 
next part is an introduction to th 
elastic and inelastic strains on the load 
carrying capacity of members. The 
seventh and last part is an introdu 
tion to the elastic and  inelast 
buckling of columns and tubes 


onsiders the influ 
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| General Engineering = |" 


Non-Metallic 
Materials and 
Finishes 


Fabrication 
; and Production 
| Processes 


Power 
Transmission 


Mechanical 
Parts and Design 
Analysis 


Fastening and 
Joining 


SECTION A—GENERAL ENGINEERING 


Manuals 


Simplihed Drafting 


Radioisotopes—-Seeing Eyes for Hidden Data 


The New Patent Law of 1953 ... 


mple Answers to "What Will It Cost? 


Developments to Watch 
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Fig. 1—Several types of 
military instruction manu- 
als. When classified ac- 
cording to the kind of 
information they contain, 
these break down into (1) 
operating instructions, (2) 
service instructions, (3) 
overhaul instructions, and 
(4) parts lists. 


nstruction Manuals 


. . they're necessary for industrial equipment, required for military 


gear, often demanded by the sales department. Here are the 


requirements for acceptable manuals, whether military or commer- 


cial, and methods of producing them at reasonable cost. 


JOHN W. WIGHT 
General Manager, Technical Writing Serv 
McGraw-Hill Book Company 


AFTER FQUIPMENT has been designed 
and built, it must be operated and 
maintained. The reputation of the 
manufacturer often depends on how 
well these latter functions are per 
formed. Yet operating and maini 
nance personnel frequently have onh 
a minimum of technical knowledge 
and are far removed from the engi 
neering department 

To bridge this gap in training and 
listance, the designer must rely on an 


Product Engineering 


instruction manual of some type. A 
good instruction book insures that the 
operator will get maximum effective 
ness and rated life from the equipment 
A poor one may cause mishandling, in- 
adequate maintenance, and eventual 
loss of sales 
Requirements 
of Military Services 

Most manufacturers are faced with 
the production of two types of manu- 
als, military and commercial. Although 


the same overall techniques may be 


applicable to the production of both, 
(1) the objectives of the manuals may 
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or may not be the same, and (2) spe 
cific requirements have been estab 
lished by the military and these must 
be met. 

Currently, the preparation of nearly 
all military instruction books is the 
responsibility of the manufacturer, and 
requirements are specified in the ini 
tial equipment contract. A not un 
common contractual arrangement is 
that no payment can be made for any 
equipment until all requirements hav: 
been fulfilled, and this is always inter 
preted to include the delivery of in 
struction books 

Each branch of the military services 
has different requirements, not only 
in the types of manuals they require 
but in methods of presentation, inspe 
tion procedures, and other conditions 
of acceptance. The following discus 
sion of these requirements has no of 
ficial status, of course, and deals only 
with general conditions to which ther: 
are many exceptions. Nevertheless, it 
is representative of the current status 
and can be used as a guide subject to 
checking with the cognizant military 
j 


igency concerned 


A3 





























Son Froncisco 
Ooklond 


Glendale“ 


San Diego 


Fig. 2—Air procurement dis- 
tricts and regional offices. In- 
spection for Air Force equip- 
ment manuals is usually han- 
dled by Regional Offices. 


Table I — Sources of Speci- 
fications for Military 
Instruction Manuals 


AIR FORCE 


Commanding General 

Air Materiel Command 
Wright-Patterson Air Force Base 
Ohio 


ARMY — Ordnance Corps 


Commanding Officer 
Publications Division 
Raritan Arsenal 
Metuchen, New Jersey 


ARMY — Signal Corps 


Commanding Officer 
Signal Corps Procurement Agency 
Philadelphia, Pa. 


NAVY — Bureau of Aeronautics 


Commanding Officer 
U. S. Naval Air Station 
Johnsville, Pennsylvania 


NAVY BUSHIPS—Electronics Publications 
Bureau of Ships 
Electronics Division 
Department of the Nevy 
Washington 25, D.C. 


Other Navy Publications Specifications 


Bureau of Supplies and Accounts 
Department of the Navy 
Washington 25, D.C. 


Specify title and identifying number or 
symbol when requesting specifications. 


As 


o 
St. Louis 


Department of the Air Force 


Air Force instruction book require 
ments can be classified according to th« 
type of equipment. 
lest equipment. Usually requires two 
publications, a Handbook of Operat 


ing and Service Instructions and a 
Parts Catalog. 


Electronic equipment. Needs four pul 
lications: Handbook of Operating In 
structions, Handbook of Service In- 
structions, Handbook of Overhaul In 
structions, and a Parts Catalog 


Other equipment. With the exception 
of aircraft and aircraft engines, re 
quires three books: Handbook of Op 
rating and Service Instructions, Hand 
book of Overhaul Instructions, and a 
Parts Catalog. 


Simple equipment. Frequently 
by a single publication that is ; 
bination Handbook of Overha 
structions and Parts Catalog 
Parts Catalogs also are know 
lustrated Parts Breakdowns 
The contents of all books ar 
rned by detailed specifications, but 
overall requirements, especially in re 
gard to format, are controlled by MII 
H-5474A, a specification covering 
ral preparation of handbooks 


"OV 
- 


Product 


o 
Atlonto 
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The normal final form of acontractor 
furnished handbook is a reproduction 
copy ready for photo-offset printing 
Sometimes, only the manuscript is rc 
quired if the information is to be in 
corporated in a larger, more compre 
hensive publication. If considerable re- 
vision is expected to include equipment 
design changes, photo-offset negatives 
are made for Air Force printing pur 
poses and the contractor retains th 
reproduction copy. 

Air Force publications inspection is 
usually handled by the Maintenance 
Data Sections of Regional Offices of 
the Air Materiel Command (Fig 2) 
twenty-five of which are located 
throughout the United States 


Department of the Army 


The two branches of the Army that 
procure the most equipment instru: 
tion books through manufacturers ar 
the Ordnance Corps and the Signal 
Corps 


I 


Ordnance Cort This corps uses 

multi-book system for its equipment 
literature, the usual breakdown being 
Operators Technical Manual, Main 
tenance Technical Manual and Supply 
Catalog. The Op rators Technical 
Manual furnishes operation and main 
enance informance for using troop 


reanizations, with discussions limited 
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ok 


t 


to removal and replacement of com- 


ponent assemblies, cleaning, lubrica 
tion, adjustment, and minor repair 
Tactical operating instructions are not 
Ink luded. 

The Maintenance Technical Manual 
offers a higher level of maintenance in 
formation, including repairing and re 
building within limitations of field and 
depot maintenance organizations 

Parts information is provided in the 
form of Supply Catalogs known as 
SNL’s (Standard Nomenclature Lists). 
There are three types of SNL's: ORD 
^, a list of replacement parts avail- 
able to the using arm; ORD 8, for 
field and depot maintenance organiza- 
tions; and ORD 9, a more comprehen 
sive and generally complete list of all 
parts of the equipment. Sometimes 
ORD 7 is eliminated or combined with 
ORD 8 

The Ordnance Corps has compiled 
in extensive series of RA PD (Raritan 
Arsenal Publications Division) speci 
fications covering Ordnance technical 
RA PD 1A, 


tains general instructions for the prep 


publications which con 


wation of technical publications for 
yrdnance material; and RA PD 1B 
which includes general instructions for 
illustrations. De 
tailed specifications ror specific types 
of equipment are numbered RA PD 
RA PD 3, and so on 
The final form for contractor-fur 
nished instruction book material is 
typewritten manuscript and reproduc 
ble illustrations. The number of copies 
ianuscript and illustrations neces 


the preparation of 


iries with the type ot book be 
| approval of contra 
r-prepared publi is handled 
through the Publications Division of 
Raritan Arsenal, Metuchen, New Jer 


with the exception of automotive 


ations 


juipment books, which come under 
Detroit 


jurisdiction of the 


1uton 


S:enal Corps. The Signal € orps usually 


ines operating, maintenance, re 
pair, and parts identification informa 
publication, titled In 

ction Book, that is an unofficial 
Technical Manual (TM). Most of 
them are eventually issued in a revised 
official technical manuals 
When desirable, the Signal Corps may 
two-book plan, which r 
higher C h lot maintenan 
parate instruction book 


The basic specification for Signal 


tion in a single 


torm as 


specit v 1 
moves th 


to 


Corps instruction books is MIL-M 
0953 (Sig C), supplement: 1 by gen 
ral specification SIG 730-1, Prepara 


tion of Manuscripts. Part 1 of SIG 


Y 


730-1 describes general requirements, 
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A Exploded View of Fuel Primer and Adapter Assembly 


Part Number 


2- C-9058 
-1 A-9120 ‘ 


-2 A-9121 : 


X 0.057 in. thk, stainless steel... 2 
-3 C-9118 ~ Pin- Adip -iust 1 
-4 Anane ; Guli etic 1 
B-9119 . Primer Assembly — Fuel.................... l 
-5 B-11333 A 00 QNT HEBES NOM A is diode 1 
-6 A-9123 vr ERE Leu cipidentedd M E. 1 
B Exploded View of Fuel Primer and Adapter Assembly 
Figure & Nomenclature Units 
Index No. Part Number 1234567 Per Assy 
2- C-9058 Fuel Primer and Adapter Assembly.. 1 
-1 A-9120 . Screw - Mach, hex hd, 0.250-28 
KENN Lis:aded ona RR MÀ E 2 
-2 A-9121 . Washer - Spring lock, 0.267 in. ID 
X 0.057 in. thk, stainless steel. 2 
-3 C-9118 - Pepe Rees ow OE ee 1 
-4 ASD-12219 « Ga oie er a a 1 
B-9119 . Primer Assembly - Fuel....... 1 
-5 B-11333 NN urra N r 1 
-6 A-9123 (o "EC SAL. o ha o FER 1 


and Part 2 covers illustration standards 


Additional detailed specifications, titled 


| 
Topical Outlines or Writing Guides 


stablish contents requirements for th 

various kinds of Signal Corps equip 
ment. (Instruction Books smaller thai: 
10 pages are generally issued as In 
struction Sheets. ) 

The contractor is usually required t 
prepare a Tabular List of Parts (TLP) 
n accordance with specification MIZ 
L-10186 (Sig C), Ot 
sidered renewable 


Covering t 


parts ) 


equipment. The TLP is eventually r 


cast and used in the instruction book 


Table of Parts 


as an Identification 


(ITP) 
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Standard hardware 
must be included for some types of 


Screw —- Mach, hex hd, 0.250-28 


NFS eiaa A 


Washer - Spring lock, 0.267 in. ID 


Most Signal ¢ orps instruction book 
ire furnished by the contractor 
ordance with r 
juirements of the Signal Corps Print 
ng Style Book 
tion and apy 
ties of the ‘Signal Corps Publicat: 


Agency at Fort Monmouth, New ] 


5 


printed copies in a 


Publications inspi 


roval are the responsibil 


Department of the Navy 


Navy branches that procure th 
instruction books at 

Bureau 
Ordnan 


juipment 
Bureau of Aeronautics, 

Ships and the Bureau of 
BuAer requirements are 
those of the Air Force. T 


ise the 


similar t 
hey usuall 


same series of specifications 


As 


Nomenclature Units 
1234567 Per Assy 
Fuel Primer and Adapter Assembly... 1 



























































Inspection procedure differs, however, 
in that a central section in Washing- 
ton, D. C., handles it. 

The majority of contractor-furnished 
BuShips instruction books can be di- 
vided into two categories: those for 
electronic equipment and those for 
equipment primarily mechanical. The 
preparation of electronic instruction 
books is governed by BuShips Specifi- 
cation 16B16 (RE). Books prepared to 
this specification include all descrip 
tion, theory, installation, operation, 
service, maintenance, and parts-iden- 
tification information in one publica 
tion. The contractor is normally re 
juired to carry the preparation through 
to printed copies. 

For mechanical equipment, books 
prepared in accordance with Specifi 
ation MIL-B-15071 (SHIPS) are usu 
ally required. Again, as with 16B16, 
all equipment information is published 
n one book, which the contractor must 
furnish in printed form. Existing com 
mercial instruction books are accept 
ible for MIL-B-15071 under certain 
conditions. The Bureau of Ships, in 
Washington, generally handles inspec 
tion and approval 

It is quite likely that both 16B16 


The Bureau of Ordnance require 
ments are generally the same as thos 
of BuShips except that reproduction 
copy is frequently the contractor's end 
product. The basic specification is OP1, 
Preparation of Ordnance Publications 
Inspection and approval is handled at 
the Bureau level in Washington 

Tal 


bl 
il 


e I lists specification sources for 
itary services 
Types of 
Military Instruction Books 
T he re 


ypes ot 


is no good breakdown tor 
instruction books. There are, 
general classes of information 
egardless of whether manuals are fur 


however 


nished separately or combined into a 
single publication. These broad clas 
sifications are based largely on th 
relative caliber of maintenance to be 
rformed. On this basis, there ar 
types: operating instructions, ser 
nstructions, and overhaul instru 

ns. In addition, there is another 


issification, parts lists, which usually 
with overhaul in 
ons, and a fifth category dealing 


S asso ated closely 


with development equipment 
(1) Operating instructions should 
lude sufficient theory and principles 
operation, to enable the operator to 
gain a fundamental understanding of 
how to use the equipment intelligently 
Operational limitations and precau 


ns should be 


As 


} , 
o included is shoul 1 


also reference to any adjustments 
checks, maintenance, or emergency rc 
pairs that can or should be performed 
by the operating personnel. [t is well 
to bear in mind that operating per 
sonnel may not have a high level of 
technical training nor have access to 
the tools and equipment necessary for 
major repairs and maintenance 

For some devices, proper warm-up 
nd shut-down procedures are essen 
tial operating information. Inspection 
practices, cleaning, preservation, and 
lubrication methods also should be dis 
( ussed 

(2) generally 
over organizational and field mainte- 


nance. Field maintenance is performed 


SETV 1CE instructions 


by maintenance personnel who directly 
This 
limited 
primarily by the tools and maintenance 
equipment available in the field. Mal 
functioning or unserviceable parts and 
not normally replaced, 
to an overhaul depot or 


support the 


latter 


using organization 


class of maintenance is 


1SSCI iblic S arc 


hi t e t 
but are seni 
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shop for repair and/or rebuilding 
Testing and adjustment of equi 





ment within the scope of organization 
al maintenance are also included. Be 


cause of the similarity of service in 





structions and the operator's instruc 


tions, they are generally found in th 





same book. 

(3) The purpose of the ove rhaul in 
structions is to provide detailed infor 
mation for a major overhaul or th: 
complete rebuilding of equipment 
Overhaul shops have more specialized 
skill and equipment than field forces 
for mechanical equip 











Instructions 
ment generally should utilize exploded 





views from the parts lists to supple 
ment detailed text on disassembly and 
Parts in exploded views 





reassembly 
should be numbered according to the 
sequence of disassembly to facilitate 
the text explanation Also, most over 
haul instructions specifications requir: 





extensive testing procedure coverage to 
insure that the equipment is in good 
operating condition after overhaul 
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) The primary purpose of a parts 

s to locate and identify parts for 
replacement purposes. Some specifica 
tions require identification, description, 
ind illustration of all parts; others do 
not require coverage of standard items 
such as common bolts and nuts. Nearly 
ull specifications, however, require il 
lustration of parts 


list 


Parts of mechanical equipment usu 
ully are shown in exploded-view 1iilus 
trations depicting each part in a dis 
issembled position but showing its rela 
tive position in the assembly 

The first item in the parts list, Fig 
4. is the complete assembly. The com 
nent parts follow in the order of 
disassembly. Quite often, attaching 
hardware is listed after the part it at 
taches and is identified as Attaching 
Parts. Part numbers are those of the 
manufacturer. Some of the military 
igencies also ask that government stock 
numbers be shown for the parts, in 
which case the manufacturer may be 
equired to submit complete de crip 


f 
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tions and drawings of the parts in 
volved to the stock-numbering agency 

Parts and assemblies are indented in 
the nomenclature column to show the 
relative level of assembly. For example, 
the Primer (-5) in Fig. 3 is indented 
one space to the right of the Fuel 
Primer Assembly (—4) to show that it 
is a part of the Fuel Primer Assembly 
The fuel primer assembly, part num 
ber B-9119, includes the primer, but 
the primer, part No. B-11333, also may 
be procured separately 

Electronic equipment parts list spe 
cifications often do not require ex 
ploded views Or coverage of standard 
hardware. Photographs of the chassis 
with all parts intact are used for iden 
tification of functional electronic parts 
The reference symbol or part number 
is shown in the illustration. Full parts 
information can be presented in the 
parts list, which is arranged in th 
order of symbol reference or parts 
number as the case may be . 

(5) Instruction books for prototype 
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or development equipment generally 
represent a special case. Only a few 
copies are necessary, and format re 
quirements usually are much less strin 
gent than for books covering produ 
tion items. 


Commercial Manuals 


Commercial operating or instruct 
books and maintenance manuals have 
the same objective as military manuals 
ilthough— depending on the complex 
the breakdowns 


may not be so fine insofar as handbook 


ty of the equipment 


lassifications are concerned. As a mat 
ter of fact, a users instruction manual 
and a serviceman s maintenance manu 
il may not always be required: som 
times the two books can be ombine 
into one. However, parts replacement 
nformation is nearly always 
n commercial manuals 

The same techniques ar 
ments generally apply to manuals for 
ndustrial or consumer equipment as 
to military manuals. Perhaps more 


Reduction georing 
(A) 
Take-up shoft 
IO rpm 


Toke-up reel 


(Sk: SS 


Shutter > 
8Orpm 


elaborate presentation is necessary 
since the manual should become an ef 
fective selling tool. Well-presented in 
structions not only enhance a manu 
facturers reputation, 
ustomer that the manufacturer wants 

help him get maximum value for 
his purchase. 


Preparing the Manual 
There are two ways in which in 
struction manuals can be prepared. One 
s for the manufacturer to do it him 
the other is for him to contract 
preparation 
outside 


self; 


for its and production 


trom companies specializing 


in such services 
Preparation of instruction 
ın rarely be done 


d to 


books 
satisfactorily if as 
an individual in the engi 

lepartment as an addition to 
rular duties. In addition to the 


ictor involved, close associatio:r 
equipment often prevents th 

viewpoint necessary wher 
different level of 


" knowled; pe or 


techni 

aptitude. The task 

ould be performed by competent er 
rineering writers and illustrators lr 

up by responsible 

A comprehensive 


ing fora 


personnel 
analysis of the 
before 


IS a must Startins 


work 
' are seven pre-writing steps that 
e taken, as follows 
Determine fully th 
uirements 
Gather all ot th 
natter, including 


fications and up-to-date 


ll app | i 

all appiici C Spe 
"5 
equipment data 


an orderly manner 
ference. If the equipment 
is in the development stage, arrange ti 


and arrange it in 
for easy r« 


notification of 
3. Read and 
specifications Costly 
avoided by complete 
and understanding 
4. Study the equipment and 


As 


eceive design changes 
understand clearly the 
errors can be 


familiarization 


prepar 


Direction of 
tape travel 


but convince the 


up reel drive motor 
9502 


Keyer drive motor B50! 


Reduction 


clutch x Relay 
Driving 
clutch 
Clutch 
ossembly 
0503 


Flexible 
coupling 
0502 


a systematic breakdown of the assem- 
bly and sub-assembly components 
(make certain the breakdown is com- 
patible with military requirements). It 
is usually a good idea to do the parts 
list first, since the parts information 
is needed for writing the other ma- 
terial. Do not forget supplementary 
equipment such as accessories, test 
equipment, special service tools, and 
connecting cables. A component break- 
down not only helps to establish a 
presentation sequence but also in mak- 
ing a comprehensive evaluation of the 
job ahead. 

5. Prepare a detailed outline; a good 
nstruction book cannot be written 
without one 

6. Check with the military inspec- 
tor (if possible). He welcomes the op 
portunity to discuss the book 
ictual writing starts. Such 
nvariably saves trouble 


before 
dis: ussion 


and 


mey 
7. Establish a schedul 


and budget 
A schedule sets a 


mileposts 
r checkpoints for evaluating job prog 
ss. Assign target dates for the com 
pletion of each of the phases so that 
he final delivery date will be met, 
nclude contingency 


series of 


and 
factor in the 
for the unforeseen develop 
that always happen 

principles 

equitable allocations in 
dollars if cost 


same 
get Make 
(or in 


apply to a 
hours accounting 
service is available) for each operation 
Keeping job 


operation, 


ts for each 
on which time is recorded 
s a convenient means of checking time 
xpenditures. It cannot be emphasized 
too strongly that, as with the schedule, 
contingency allowances 
cluded budgeting 
The actual writing is not simple 
Good technical writing is more than 
skimming through subject matter and 
setting down points that occur to the 


cards or she 


must be in- 


Product 


Fig. 5—Two types of pictorial draw- 
ings, one (A) an assembly view of 
a tape drive and take-up mechan- 
ism and the other (B) an overall 
view of a control valve. 


writer. Good writing comes only from 
much study and careful consideration 
of the eventual user, and thorough or 
ganization of material. Table II 
for suggestions on writing and illus 
trating 

The need for understanding a typi 
cal, eventual user is fundamental. All 
information must be presented his 
reading level. The reading level for 
instruction books generally should be 
for that of a second- year high school 
student. A typical user also can be 
expected to have a minimum of techni 
cal background and no previous ex 
perience with the equipment involved 
Overhaul instruction book readers may 
be presumed to have considerably more 
technical background with other equip 
ment, but the particular 
equipment 


See 


none with 


Technical Writing Services 

During Worid War II the pressure 
of war contracts and the trend to spe 
cialization encouraged the growth of 
firms specializing in the preparation of 
technical literature were set up 
by ex-members of manufacturers’ pub 
lications departments; others were d« 


Some 


veloped from engineering, art services 
publishing, advertising and other back 


eround 


S 
Typical of the larger writing services 
the Philco Corporation Technical 
Publications Department Cushing & 
Nevell, and the Technical Writing 
Service of the McGraw-Hill Book Com 
pany. The Philco operation is an off 
shoot of the manufacturing enterprise 
others like Cushing-Neville began as 
or are associated with industrial engi 
neering firms; and the McGraw-Hill 
Technical Writing Service is an 
growth of technical publishing 
Most of these firms undertake an en 
tire job or do those parts of a job that 
a manufacturer is not staffed or 


out 
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equipped to handle. They maintain 
staffs of specialists—engineering writ- 
ers, technical illustrators, and technical 
editors—experienced in the prepara- 
tion of government and commercial 
technical literature. 

As with purchasing any other ser- 
vice or material, a manufacturer should 
thoroughly investigate the capabilities 
of a writing organization- before plac- 
ing an order. A reliable writing service 
does a job right the first time and pro- 
duces a better book without price re- 
negotiation. A good firm also requires 
a minimum of liaison with manufactur- 
ing personnel. 

Clear-cut contractual conditions must 
be established between the writing firm 
and the manufacturer to define the 
scope of work to be done. Operational 
details covering the review procedures 
and the handling of additional charges 
for design changes are typical examples 


of potential misunderstanding. 


Cost Estimating 

Cost estimating should be done only 
by those with an extensive knowledge 
of the factors involved. Historical data 
on similar projects is the soundest basis 
for making the estimate. 

If the work is to be subcontracted 
to a technical writing service, they will, 
of course, furnish a cost estimate. The 
manufacturer must, however, consider 
his own costs. There will be liaison 
with the subcontractor and technical 
review of the material. Substantial ex- 
pense may also be incurred for blue- 
prints, photographs, and other material 

In making a cost estimate, the fol- 
lowing factors must be determined: 

1. What does the source material 
consist of ? 

What is the end product ? 
What are the probable quantities 
involved ? 

i. What will the operating condi 
ons be? This includes review pro 
cedure, schedule, and probability of 
design changes 

The best approach to cost estimat 
ing is to break down the job into 
easily recognizable units and estimat 
the unit costs. Establishing unit costs 
for typing a page of manuscript or re 
touching one photograph is a much 
more manageable proposition than 
trying to estimate the entire job 

To do this requires a thorough 
analysis of the job to arrive at the 
quantitive values for the text and il 
lustrations. An added advantage of 
this analysis is that it provides an ap- 
proximate job plan for the execution 
of the work 

It is extremely desirable to use an 
estimating form or checklist for com 


piling costs 
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Table Il — Tips on Writing, Illustrating, and 
Producing Technical Manuals 





— 
* 


Use short sentences. 


Use short paragraphs and separate paragraphs for each thought. 
Give specific instructions. Statements such as “test in accordance with 


authorized shop procedure” are worthless unless the source of such 
procedures is given. 


4. Avoid uncommon words, unnecessary technical phraseology, or words 
common only in a given industry. 
5. Avoid complicated phrasing. Delete superfluous words. 


6. Use exact nomenclature. Name each part, component, or subassembly. 
Do not use such references as “the unit.” 


- Divide the text by appropriate headings and sub-headings. 


8. Tie in discussion and illustrations so that one follows closely on the 
other. 


9. Edit the manual. Instruction books are teaching devices and as such 
deserve proper presentation. 


ILLUSTRATING 


pp 


Photographs 
1. Photographs may be used for equipment views, operational views, and 
parts identification. 


2. Photographs usually require retouching to retain detail sharpness and 
contrast. 


3. Omit superfluous or unattractive backgrounds by cropping and re- 
touching or opaquing. 

. Use *exploded" views to identify parts in mechanical assemblies and 
assembled chassis views for electronic equipment. 

. Identify parts by number, reference symbol, or name on the picture. 


For identification nomenclature use copy prepared by typesetting or 
with mechanical lettering guides. 


. Plan each picture, and supply the photographer with a rough layout 
so each view covers required subject matter. 


- 


^u 
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Line Drawings 


l. For wiring diagrams and electrical schematics use consistent practices 
on symbols, line weights, conventions, and layouts as recommended 
by the military service involved. (Fig. 4) 


2. Use mechanical schematic drawings to illustrate operating features 
and maintenance practices. Present hydraulic, pneumatic, and me- 
chanical drive systems in schematic form. 

3. Specify plan views to show installation and mounting features, lubri- 
cation practices, equipment outlines and dimensions, and panel 
markings. 

4. Simplify the job of explaining operating and maintenance details by 
liberal use of pictorial drawings, Fig. 5. Isometric projection is com- 
mon, but dimetric and trimetric projection gives the subject a more 
natural appearance. Shade them when it will add realism. 


. Use exploded views in conjunction with parts lists to show assembly 
and disassembly procedures. Use pictorial drawing technique. 


6. Limit the use of color to functional purpose such as flow diagrams, etc. 


gı 


PRODUCTION 


l. Type the manuscript double-space on white paper. Leave wide mar- 
gins, and adhere to precise standards on punctuation, format, style, and 
abbreviations. 

2. Proofread each typed copy for accuracy; usually a rough draft, ap- 
proval draft, and final draft are necessary. 

3. Mark the final draft for type, spacing, and make-up. Make all changes 
and corrections in the manuscript prior to starting final typography. 

4. Make certain that the index, contents pages, title pages, appendix, and 

other data are supplied with the manuscript. 

. Proofread the reproduction copy—in both galley and rough page form 

—and check the placement and references on tables and illustrations. 

6. Schedule printing well in advance to insure delivery when required. 
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From (1) General Electric Company Manual "Simplified 
Drafting"; (2) "Simplified Drafting Practices" 
Rau & Healy, John Wiley & Sons 


Sim plified " 


M 


Drafting Wow 


[HE TIME ELEMENT has compelled th« 
adoption of a new yardstick for the 
measurement of drafting values. This 
yardstick is drafting stripped of its 
frills, yet surrendering nothing in 
either clarity of presentation or ac 
curacy of dimension. This results in 
workable drawings, but with a low 
time and money investment 

The new standard or concept em 
braces many modern economical draft 
ng practices, recognized by many as 
| method of increasing overali produc 
tivity by improving individual perfor 
man Three of the easiest and yet 
most effective practices which can be 
ipplied immediately to reduce the ef 
fort and time required to make drav 


ngs are: 


e Simplification of delineation 


e Extensive use of free-hand draw 

ings and free-hand sketches. 

In the most simple terms simplifica 
tion of delineation and elimination of 
non-essentials means merely leaving off 
drawings and layouts those things 
which add nothing to their accuracy 
completeness or clarity 

Complex parts can obviously be de 
scribed more economically with illus 
trations than with words. For such 
parts a drawing is made that serves 
as a framework to support dimensions 
and other y information. Ex 
planations can, however, complement 
make it unnec- 
views. Use no 


necessary 


the illustrations and 
essary to draw extra 
more delineation than is necessary to 
present the story with clarity and com 
pleteness (see below). 


drawing, when used judiciously, is both 
practical and economical. All factors 
being equal, actual drawing time for 
the average draftsman is reduced bx 
tween 20 and 30 percent 

It is generally conceded, however, 
that to effect the maximum economy 
it should be confined to the prese nta 
tion of detailed parts of simple con 
tour. But even large and complex draw 
ings lend themselves readily to a com 
bination of free-hand and instrument 
use. On assembly drawings, for ex 
ample, small radii, holes, hardware and 
other parts can be effectively drawn 
free-hand with no sacrifice in clarity or 
ıccuracy. i 

Standard drawing forms are avail 
able imprinted with non-actinic blu: 
ross-section lines over the drawing 


e Elimination of non-essentials Tests have proved that frec-hand wea. This facilitates and makes it 


SIMPLIFIED ELABORATE 


Stud 1- $ - 7 NC2A x 9" long 4--TNC24---- ELABORATE 
Thd.ends 2"iong 


ey both ends 


Use description to completely eliminate delineation. Do not hand 
letter where typing or a Varitype machine can save time. 


Avoid the use of elaborate, pictorial or repetitive details. 








description: 





quite easy tO make a good, neat free 
hand sketch 
Progressive dimensioning is being 
used extensively in the industry. This 
method requires less space on the draw- 
ing for dimensions and the drawing 
s Clarified and time is saved. 
Progressive dimensioning resembles 
the well-known method of dimension 
ng a chart or graph, in that a datum 
line is selected and all dimensions 
originate from this line. Some of the 
points to remember when using this 
method are 
e Only one datum line may be estab 
lished in any one plane. 
e Preferred locations are on an edge, 
enterline or point which coincides 
with the datum line of mating 
parts 


e A figure at the end of an extension 


Eliminate views where the shape can be given by 
for example, hexagon or channel. 





P3 NC2A x 24 zie 
\ - $oie 
ies ? 
i q h 
r d Le 
é ; "1 /" hex 
3 — - 








line represents the total distance 

of that line from the datum line 

to which it is parallel. 
e when dimensions are symmetrical 
about a datum line, they may be 
given on only one side. 
Simplified and conventional di 
mensioning may be combined on 
the same delineation. 

e When a dimension is not taken 
from a datum line, the conven 
tional dimension line should be 
used 

Simplified dimensioning allows a 

large portion of the measurements to 
be made from a given datum line by 
one setting of the measuring device 
This is especially useful and time sav 
ing when machines equipped with 


built-in measuring or gaging devices 
ire used such as jig-borers 


SIMPLIFIED 


f | € hole 


Drawings need not be drawi 
scale. A small drawing can be mad 
more easily and faster than a larg: 
one. This is especially true for insta 
lation drawings where the drawing 11 
dicates only relative position or mount 
ing arrangement. Here, the small draw 
ing, with unnecessary detail delet: 
an be rapidly depicted without a: 
loss of delineation or accuracy 

The following illustrations offe 
some practical suggestions in the aj 
plication of these principles. They ar 
intentionally elementary and some at 
not to be considered complete. They 
have been selected merely to illustrat 
various points of simplifications. A 
though the drawings are of small a: 
simple parts, the same principles ca: 
be applied to more complex drawing 
with even better results 


Use tabulated arrangement instead of unnecessary repetitive views 
especially when shape of part or location of holes is the same. 


ELABORATE 


€: z toie € à hote 


I 
ot —T 
€ 

J £ 4 
wich d 
Lon 2- «dd be 9 —— 
























































SIMPLIFIED 


2 24 25 





Omit reference part circies and arrow heads on leader 


ELABORATE 





SIMPLIFIED ELABORATE 





at | 
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Avoid dotted lines that do not add clarification. The 
purpose of the drawing is to help, not confuse. 


lines when it will not cause confusion with other data. 


SIMPLIRED 


ELABORATE 


SIMPLIFIED ELABORATE 











Cross sectioning should be used only when 
the clarity of the drawing depends upon 
it. Partial eross hatching saves time. 
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Use progressive dimensioning to reduce the number of dimension 
lines. Use free-hand sketches wherever possible. 

















PREFERRED UNDESIRABLE ENLARGED UNDESIRABLE 
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Draw small parts large enough to avoid crowding so 
Draw objects to scale only when absolutely neces- that they can be read. Make lettering larger. 
sary. Otherwise, draw out of scale but proportion- 
atelv to size. Note progressive dimensioning. ELABORATE 
" — 5 — 
ENLARGED DETAIL " "— | 
SIMPLIFIED | wes A l 
| Ja | 
+ 2 | 
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details on larg- [7 
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necessary. 
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Drawings made to modify stock or commercial parts should be 
as plain as possible, with no unnecessary detail or dimensions. 
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SIMPLIFIED ELABORATE 
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te (5holes) T (2holes) (5 holes)-~ » Uy (2 notes) 
Use simplified delineation of holes and tapped holes by use of symbols. 


SIMPLIFIED ELABORATE 





mese —B — 


The delineation of commonly used objects can be greatly 
simplified by substituting recognized symbols. 

| When delineating, use as much free-hand draw- 
| 


ing as the nature of the work will permit. 
| SIMPLIFIED 


ELABORATE 
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Omit detail of parts on assembly drawings the function of which is to show the part location. 


Product Engineering — 1954 Annual Handbook 






































© Here are the properties and applications for radioactive elements that industry can use to 


Radioisotopes 


Seeing Eyes For Hidden Data 


G. D. CALKINS 


Research Laboratories 
Bendix Aviation Corporation 


R. L. BELCHER 


Battelle Memorial Institute 


A RADIOISOTOPE is a radioactive form 
of an element. When a small quantity 
of a radioisotope is added to a fluid 
or to a liquid base metal the course 
of the fluid or metal through internal 
passages or through other material can 
be traced with a Geiger counter. This 
tracer technique is used to test the lu- 
bricating quality of an oil, investigate 
the homogeneity of a mixture, or in- 
spect internal passages of castings or 
forgings. Sensitivity of detection is ex- 
tremely high; the presence of one mil- 
lion millionth ounce of certain radio- 
active elements can be determined. 

In other applications the effect of 
the radiation on matter is used to acti- 
vate a chemical reaction, or the effect 
of matter on the radiation is utilized 
to measure thickness, density or purity 
of a material or process. The table 
(following pages) is a list of radio- 
isotopes and their industrial uses. 


Wear and Lubrication. Investiga- 
tions of friction, wear and lubrication 
have become important applications 
of radioisotopes. In a study of the 
wearing qualities of electrical contacts, 
one of the contacts is made radioactive 
with an isotope of the base material. 
The quantity of material transferred 
to the non-radioactive contact is a 
measure of the amount of wear. An 
important factor in this type of test is 
that wear between two electrodes con- 


Ai4 


structed of the same metal can be 
evaluated in a simple, yet accurate 
manner. 

The wearing qualities of protective 
coatings, such as waxes and paints can 
be tested in a similar way. A small 
amount of a suitable radioactive iso- 
tope is mixed with the protective coat- 
ing which is applied to the test speci- 
men. The amount of coating material 
removed during simulated conditions 
of wear is then measured. 

In evaluating the efficiency of lubri- 
cants, metal parts, such as bearings, 
shafts and gears, are "labeled" with 
an active isotope of the metal involved. 
The amount of metal detected in the 
oil system is a measure of the effective- 
ness of the lubricant. This is a very 
good illustration of the much publi. 
cized tracer technique. 

Similar techniques can be developed 
for the many products constructed or 
coated with metal, rubber, plastics or 
paint. The advantages of such tests 
are that extremely small quantities of 
wear can be detected, and prolonged 
tests are not required for evaluation of 
materials or lubricants. 


Radiography. X-ray equipment has 
been widely used for locating flaws 
and foreign objects in a variety of 
products. The gamma rays emitted 
by cobalt-60, are similar to X-rays and 
can be used in place of X-rays for some 
radiographic tests, as can gamma ra- 
diation from other elements. 

The advantages of radioisotopes are 
that gamma rays are more energetic 
and penetrating than X-rays from 
low voltage equipment; holders are 


smaller than X-ray tubes, thus easing 
their placement inside of small parts; 

and for many applications, they are less 
expensive than X-rays. 


Motion Studies. It is possible to 
study the motion of solids, liquids and 
gases by means of radioisotopes. The 
motion of a concealed part in an en- 
gine can be studied by attaching a 
source to the part. Through the use of 
an isotope that emits penetrating 
gamma rays, it is posible to locate 
and measure the motions of the part 
through several inches of metal. 

The flow of liquid through a com- 
plicated system of pipes as for ex- 
ample, water through boiler tubes, can 
be traced with radioactive materials. 
For studies of this type, a small 
quantity of a soluble form of one of 
the radioisotopes is added to the inlet 
stream. The position and rate of flow 
of the active liquid through the tubes 
is then determined. 

These techniques should prove val- 
uable for checking the efficiency of 
laundry equipment. Standard tests in- 
volving fabrics soiled with radioactive 
dirt could be devised to measure clean 
ing efficiency as a function of equip 
ment design. 

Similar application is possible in the 
case of gases. Radioactive carbon 
dioxide, sulphur dioxide, argon, xenon, 
and krypton can be applied to leak 
detection, studies of air flow through 
ducts, and tests to discover the distri- 
bution of air through a manifold or 
into a combustion chamber. 

The efficiency of air filters or vacuum 
sweepers can also be determined. Dirt 
or dust of various particle sizes is 
"labeled" with a radioactive material 
This facilitates measurements of thc 
stopping power of a filter or the col 
lection efficiency of a vacuum system 
for a specific range of particle sizes. 


Thickness Measurements. Radioac- 
tive thickness gages have recently be- 
come commercially available. The 
basic components of these units are a 
radioisotope source, a device for de- 
tecting radioactivity, and a recorder. 
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Rays arc absorbed in proportion to the 
weight per unit area of the material 
placed between the source and the de- 
tector. If the material has a con- 
stant density, the thickness can be 
measured directly. 

Radioactive thickness gages are now 
used to monitor and control the thick- 
ness of thin sheets of rubber, plastic, 
paper, metal and cloth. The devices 
operate automatically and nondestruc- 
tively for continuous thickness meas- 
urements to an accuracy of about one 
percent. Gages for the measurement of 
the thickness of protective coatings on 
base materials and for thick specimens 
are also available. 


Density Measurements. Rays from 
radioisotopes are utilized for density or 
specific gravity measurements. Absorp- 
tion of the radiation is proportional to 
the mass of material per unit area. If 
the thickness of the specimen is 
known, the density is then determined 
directly. Scattering or reflection of the 
rays is also used to determine the den- 
sity or specific gravity of a material 
For example, the amount of scattering 
is proportional to the specific gravity 
and composition of a solution 


Purity Measurements. There are 
various ways in which isotopes are 
applied for measuring the purity of a 
product. One method consists of 
adding a radioactive form of the im- 
purity or impurities to the raw ma 
terial during the processing of the 
product. The impurities are then 
traced, since the radioactive form of 
the impurity follows the impurity dur 
ing any operation. 

Another method involves the activa 
tion of the impurity in the finished 
product by irradiation with neutrons 
Ihis procedure is not generally avail 
able, because a satisfactory source of 
neutrons require a cyclotron or nuclear 
pile. However, the method is useful 
tor determining the extent of contami- 
nation by trace impurities or materials 
that are difficult to analyze by con- 
ventional procedures. 

Irradiation by neutrons produces ra- 


ferret out many kinds of information on product design, control, and improvement . . . 


dioactive forms of impurities which 
permit identification and determination 
of contaminants. This is possible 
since radioisotopes decay at character- 
istic rates by the emission of radia- 
tions having characteristic energies. 


Homogeneity Measurements. When 
a suitable radioactive material is added 
to a material being mixed, measure- 
ments of the radioactivity in selected 
samples of the mixture indicate the 
completeness of the mixing and the 
degree of homogeneity. 


Metal Products. The metal indus- 
tries have found radioisotopes useful 
for solving a variety of problems. In 
developing methods for cleaning metal 
surfaces, radioactive forms of the im- 
purities being removed afford an ex- 
tremely sensitive measure of the proc- 
ess efficiency. Applications are also 
made in studies of corrosion. Active 
forms of various metals are used to 
obtain data on rates of corrosion in 
different solutions. 

Soldering and welding problems can 
also be solved. The amount of metal 
transfer between two pieces of metal, 
whether similar or dissimilar, is de- 
termined as for electrical contacts—by 
using one piece of metal containing a 
small amount of radioisotope of the 
metal. The effect of fluxes can thus 
be evaluated. 


Protective Coatings. In electroplat 
ing, additives are frequently used in 
baths to produce a particular type of 
finish. When little is known concern 
ing the mechanism of additives, basic 
information concerning their function 
can be obtained by tracer techniques 

Radioactive materials could be used 
in studies of corrosion inhibiting coat- 
ings. It is important that temporary 
coatings applied to metal parts for 
protection during storage and ship 
ment completely cover all exposed sur 
faces. Techniques and equipment re 
quired to accomplish this could be 
developed with the aid of radioactive 
“labeled” coatings that would indi 
cate uniformity and continuity. 
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Electrical Equipment. In addition 
to the electrical contact wear tests 
mentioned previously, other applica- 
tions may be found in equipment uti- 
lizing spark discharge. The regularity 
of the firing of metal spray guns can 
be improved by ionizing the air in 
the spark gap. This is accomplished 
by irradiating the air and producing 
a more uniform resistance path for 
the voltage discharge. 


Graphic Arts. This industry may 
benefit from the application of radio 
active materials to investigations of 
printing ink transfer. Studies of this 
nature could be made as a function 
of machine design, ink composition o: 
paper characteristics. 

Many of the problems associated 
with the handling of paper products 
result from electrostatic charges. Ra 
dioactive static eliminators have been 
used for many years to neutralize 
static charges and most of these devices 
utilize naturally occurring radioiso 
topes such as polonium. The alpha 
rays emitted by these isotopes have a 
very low power to penetrate materials 
As a result only an extremely thin 
membrane is used to cover and hold 
the radioactive material. When beta 
particle emitters, which penetrate 
thicker layers of material, are used 
the isotopes are mounted in hermet 
ically sealed capsules to reduce con 
tamination. 

However, radioisotopes are not a 
cure all for industrial problems. They 
should only be — after research 
or development work has indicated that 
they have some advantage over other 
techniques. 

The following references can be 
used to obtain a better understanding of 
radioisotopes and their applications 
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Table I—Typical Applications of Radioisotopes 





Radiation,” mev(? 


Element and Isotope(') | Half life(*) Industrial Applications 





- S e Beta(‘  Gamma(*) 
Antimony Sb 122 2.8d 1.94 0.568 | To study the rate of exchange between Sb(III) and Sb(V): to study 
Sb 124 60d 2.37 Ty's, 0.121 <Ey <2.3 | the mechanism of glass formation; as pipeline tracers. 
Sb 125 2.7y 0.616 Ty's, 0.035 <Ey <0.637 















A 37 


Argon 





34.1d Ke None To determine the eptimum conditions for separating argon from 


other gases. 


te 
w 


Arsenic As 76 26.8h 3.12 53's, 0.567 < Ey < To investigate the mechanism of glass formation; to detect 
None small quantities of arsenic vapor in air; to determine the 
rate of corrosion or arsenical brass. 











Barium Ba 131 12d K 3y's. 0.26 <Ey <1.2 To trace the flow of oil through pipelines; to determine the ac- 
Ba 140 12.8d 1.02 3y’s, 0.160 <Ey <0.540 tion of detergents on sludge forming oxy-acids produced by 


oxidation of lubricating oils. 







Bismuth Bi 210 odi 5.0d 1.17 None To study the deposition of thin films of bismuth. 







Bromine Br 82 36.0h 0.465 7y's, 0.55 CE» «1.31 To study exchange reactions such as Br 82 with CCLlBr. to « 
mine the amount of bromides absorbed by fibres from solutions 






Cadmium Cd 109 330d K 0.088 To study characteristics of phosphors; as an analytical tool in 


Cd 115 2.3d 1.1 0.34 <Ey <0.52 process and product control. 
n "ü 4.5h Im 115 
Cd 115 43d 1.67 0.5 























alcium Ca 45 180d 0.254 None To determine the diffusion coefficient in glass. 





arbon C 14 5.740v 0.154 None To study catalytic processes such as the Fischer-Tropsch syn 
thesis; to study metallurgical problems such as the diffu 
and concentration of carbon in steel; as radiation source 
thickness gages used to continuously monitor films of material 





Cerium Ce 141 28d 0.56 0.141 <Ey <0.315 As a tool to determine the cencentration of cerium in phosphors 
Ce 143 33h 1.36 0.5 process-rate measurement. 
Ce 144 275d 0.3 None 


Cesium Cs 131 10.2d K None lo study abrasion of rubber and various plastics; used as radia 
Cs 134 2.3y 0.658 15's. 0.568 —F 1.35 tion sources for radiography and teletherapy units. 
Cs 137 37y 1.2 0.662 
Chlorine Cl 36 1.4 X 10*y 0.71 As an analytical tool for the determination of sma quantities 
of chlorides in paper pulp after washing; to study the corrosion 





of stainless steel by salt water. 


Chromium Cr 51 26d K 0.267 <Ey <0.32 lo study the transfer of material between rubbed surfaces, and 
the electrodeposition of chromium. 


nmn PEN 


Cobalt Co 60 


of paint blisters; to radiograph thick 
ivalent to a 2.000-kv X-ray machine: 
y of naturally occurring or artificially 
to the flow of oil, gas and water 


y 0.31 1.17 and 1.33 lo investigate the cause 
sections of metal— eq 
to study the permea 
produced porous mec 

mixtures, 








D 





















opper Cu 64 







To study self-diffusion in stressed copper; to determine the 
mechanism of the oxidation of copper at high temperatures 
to determine friction characteristics of copper alloys 












uropium Eu 152 5.3y 1.7 0.3 <Ey <1.2 To determine the concentration of europium in phosphors: for | 
Eu 154 o.4y 1.9 radiography of thin sections of materials. 







;allium Ga 72 14.25h 3.17 95's, 0.631 <Ey <2.18 To study the effects of impurities in germanium. | 










































"*^rmanium Ge 71 11.4d K None As an analytical tool in »cess and product control: to study 
Ge 77 I2h 1.74 0.5 the effect of distribution on electric properties in a semi 
conductor. 
"old Au 158 2.69d 0.97 0.411 lo investigate analytical problems in the photozraphic-film 
Au 199 3.3d 0.32 67's, 0.024 <Ey <0.23 industry; to study thickness of film deposited by hizh-tem | 


perature vaporization of gold. 


Hafnium Hf 181 46d 0.405 55's, 0.087 E^ <0.480 As an analytical tool in process and product control 
Hydrogen H 3 (Tritium 12.5y 0.0189 None lo study process rate measurements, and investigate the mech 









anism of various chemical reactions. 


Indium In 114 50d ee 0.192 For tracer studies, and to study rate of self-diffusion 
lodine 1 131 8.0d 0.60 55's, 0.080 < Ey <0.638 Te measure the thickness of thin films of rubber of the order 
12.0d Xe 131 of one micron. 
Iridium Ir 192 70d 0.67 12's. 0.137 <Ey <0.651 As a gamma ray source for radiography. d 
Ir 194 19h 2.18 0.38 <Ey <1.43 i 























Iron Fe 55 2.9]y K None ation to such phenomena | 
Fe 59 16.3d 0.46 1.1 and 1.3 lization, grain growth IES 
creep, and high-temperature behavior; to study the transfer | 
of small quan of metal between bearing surfaces: to 
study the corrosion of iron and steel. | 
Lanthanum La 140 10.4h 2.26 77's, 0.093 <Ey <2.9 For radiographi nspection where only a few radiographs are i 
required; as an analytical tool in process and product control 
Mercury Hg 197 65h K 0.077 As an analytical tool for the purification of silver; to determine i 
s 25h K 14,^s, 0.135 <Ey <0.286 small amounts of mercury vapor in air—as low as 10-^ gram. | 
Hg 203 43.5d 0.205 
Molybdenum Mo 99 68.3h 1.22 35 °s, 0.141 <Ey <0.360 As an analytical tool in process and product control 
5.9h Te 99? 
Neodymium Nd 147 lid 0.78 or X-ray For tracer studies [ 
Nickel Ni 59 2 X 105 K None Fo study the gnetie properties of magnet alloys. ana the 
Ni 63 85y 0.06 passivity of irc 
or : 
Niobium Nb 95 90h LT. Fo study segregation in high-temperature ailoys and steel. 
35d 0.146 
Reactor-produced radiois topes procurable through the U.S. Atomk When a beta spectrum is known to be complex, only the maximum ener; 
Energy Commission beta radiation is given. For complete data, see Nuclear Daila published by the 
y—years, d—days, h—hours National Bureau of Standards, Washington, D. C., Circular 499 


Million electron volts 


Als 
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; | 3 nl 


Osmium Os 185 
Os 191 
Os 193 


Palladium Pd 103 
Pd 109 


Phosphorus P 32 


Platinum Pt 197 
Polonium Po 210 (8) 


Potassium K 40 (8) 


Praseodymium Pr 142 
43 


Pr 1 


Promethium Pm 147 


Pm 149 


Kadium Ra 226 (8) 


Radon Rn 222 (8) 


Khe m Re 186 


Re 188 





Rhodium Rh 105 


Rubidium Rb 86 
Rb 87 (8 


Ruthenium Ru 97 
Ru 103 
Ru 106 
Samarium Sm 153 


Scandium Sc 46 


Selenium Se 75 


Sodium Na 24 


Strontium Sr 89 


Sr 90 


Sulfur S 35 


Tantalum Ta 182 


Technetium Te 97 
Te 99 


Tellurium Te 127 


Te 129 
Fe 131 


Thallium TI 204 


lin Sn 113 
Sn 121 
Sn 123 


Tungsten W 185 
W 187 


Xenon Xe 131 
Yttrium Y 90 
Y 91 


Zinc Zn 65 


¿n 69 


Zirconium Zr 95 
Zr 91 


97d 
15d 
32h 


17d 
13.1h 


14.3d 


18d 
824d:* 


140d 


270d 


7.5d 


14.9h 


53d 


25y 


87.1d 





112d 
l.1d 
130d 


73.24 
24.1h 


12.0d 
61h 
57d 
250d 


13.8b 


65d 
Ih 


5.298" 
alpha 


4.61 & 4.7 


alpha 
5.49 


1.09 
2.10 


0.78 


1.82 
0.13 


h 
0.684 
0.041 


0.80 


1.49 


0.167 


0.53 


0.783 


0.35 


0.43 
1.318 





None 
0.6 


0.8 (weak 


55", 0.329 —E^ —1.59 
None 


None 
0.25 (weak 


0.19 


105^s, 0.067 <E; 


8457s, 0.676 <Ey <1.516 
None 


<2.758 


None 
None 


None 


337`s, 0.0462 — E^ 


<1.237 


0.097 
None 


0.089 
None 
0.106 
0.177 


None 
0.09 


None 
None 


0.134/* 
55's. 0.078 <Ey <0.680 


0.165 


None 


1.11 
0.439 


0.708 
0.8 


>») Detailed information for gamma spectrum of each isotope can be found in 


Nuclear Dala 
t) Kk electron capture- 


weak gamma radiation 


Tracer analysis for osmium. 


For tracer studies. 


To improve abrasion test for evaluating tire wear; to determine 
the rate at which phosphorus reaches equilibrium between 
slag and steel; and to ascertain the film thickness of printing 
ink. 


To control the thickness of platinum plating on ceramic ware 

To dissipate electrostatic charge formed on cloth, paper. and 
other materials during the manufacturing process. 

As an analytical tool for the determination of potassium 


As a source of gamma radiation for radiography, and in tracer 
studies. 


For tracer studies, and as a source of pure beta radiation. 

To dissipate electrostatic charge, and to produce luminescent 
print. 

To study the effect of alpha radiation on chemical reactions 


For tracer studies. 


For tracer studies 


To evaluate ion-exchanze resins 


For tracer studies 


To evaluate trace impurities of samarium in phosphors 
For tracer studies. 


For making radiographs of moderate section thickness—equiy al 
ent to a 250-kilovolt X-ray machine, and to determine the 
fluid saturation of permeable cores in oil-field research. 


To investigate the exchange between solid silver and a solution 
containing a very small concentration of silver; to study the 
passivity induced to an iron surface; and te investigate the 
electrodeposition of silver. 


To measure the diffusion of sodium into a soda lime glass; 
determine the efficiency of dealkalization of glass surfaces 


As a source of radiation for thickness gages: to dissipate electro 
static charges; to study oxytocic properties of strontium; a= 
a source of radiation for stimulation of phosphors; 
ion-exchange resins. 


to evaluate 


To investigate the mobility of adsorbed gaseous films on solid 
surfaces; to study the hanism of the 
rubber; to determine the “‘oiliness”’ of oils. 





vulcanization of 








work where a 
beta-ray 


Can be substituted for radium in radiographic 
short half life is not a handicap; as a 
thickness gage. 


source for 


lo determine the role of technetium in phosphors 


For tracer studies. 


As a source of beta radiation for thickness 


color of inorganic compounds and the 
to the oxidation state of the element 


to study the 






rels of color 


Fo study the nature of chemical bonding between atoms; 
evaluate the color of inorganic compounds and the relati 
of color to the oxidation state of the clement; and to determine 
the distribution and effects of small quantities of tin in a 
semiconductor. 





To determine the properties of 
as those used in gas turbines. 


high-temperature alloys such 


To determine the optimum conditions for separating the 
from contaminants. 


As a source of pure beta radiation for thickness gages 


To study the swelling 
the vapor 


preperties of cellulose fibers; to determine 
pressure of the metal under various conditions 
and to obser:e self-diffusion under conditions of stress. 






For tracer studies: to study flow of heavy petroleum products 
in pipe lines, and measure rate of catalyst circulation in 
catalytic petroleum plant 


(7) Internal transition 


(8) Naturally occurring 
(9) No beta emission 
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Editor's Note: Asa nationally known pat- 
ent attorney and head and director of 
many first line industrial companies, 
Colonel Toulmin has been directly con- 


cerned with patent law for many years. 
Currently head of Commonwealth Engi- 
neering Company, Dayton, Ohio, which is 
engaged in research on such varied enter- 
prises as hydraulic presses, noise spectro- 
meters, electronic power suppliers and 
bloud plasma extenders, he has made a 
comprehensive analysis of the effect of the 
new law on all aspects of engineering and 
business. He authored the book “Patent 
Handbook,” and will be remembered for 
his two-part report, “Patents and the Engi- 
neer,” which appeared in 1948 in the June 
and July issues of Product Engineering. 


THINK that you have discov 

d a new use for an old product or 
you stand to make 
noney by it—so says the New United 
States patent law which went into ef- 
on January 1, 1953. In the first 
ijor revision of the patent laws since 
0, this new 


process, some 


ruling is just one of 

the many important changes that will 

iffect design engineers 

| research men alik« 

The whole philosophy of the 

s realistic. It is 

the United 

ring, research and its manufa 
instance the 
now includes not 


manufacturers 


adjusted to 


States does 


For 


tor to whom the pat 


also his successor 


Likewise, a new 
invention nas 

s now recognized 

d usc ful process 


imn ement 1 r 
mprovemen ICI 


old dispute whethe: 


courts have 
nts under the old law 
nctional claims. T 
ltminates this by app 
mechanical element 
erforming a function 
when expressed as 
Lorming a runctiotr 


Ais 


with structure, ma 
Such claims will cover 
what is disclosed in the application and 
equivalents thereof. 

This new legislation has over-ruled 
many of the negative decisions against 
patent protection by the Supreme 
Court and lower courts of the United 
States. During the last 20 years th« 
Courts proceeded on the basis that we 
were European manufacturers in which 
every manufacturer made everything 
from nuts, bolts, and screws, to the 
ompleted apparatus. The Courts did 
that in the United States 


ng the statement 


terial or acts 


lot recognize 


Invention Defined . . 


iny new and useful process, 
machine, or composition of material, 


or any new and useful improvement 
thereof. 


The New 


there exists a vast number of specialty 
manufacturers, each making in mass 
production a single part or a single 
piece of apparatus that might later be 
assembled into complete machines by 
other manufacturers. That point was 
ignored in the destruction of the prin 
ciple of contributory infringement 


CONTRIBUTORY INFRINGEMENT. A 
few years ago, anyone who supplied a 
particular component to complete a pat- 
ented product was just as much an 
infringer as one who made the entire 
apparatus. Many Justices of the Su 
preme Court of the United States 
thought otherwise, and contributory 
infringement protection practically 
ceased to exist. 

Now, 


whoever sells a part of a 
patented 


machine, material, or ap- 
paratus used in a patented process 
which makes part of an invention, 
knowing it to be especially made for 
use in the infringement of a patent, is 
liable as a contributory infringer 

In other words, if you supply a 
y built electric motor to fit 
a particular machine only, it is neces 
sary to determine whether there is a 
patent existing covering the entire ma 
chine which your customer does not 
own and under which he has no li- 
Under this law, you must be 
sure you are not helping or encourag 
ng your customer to 
body else's patent 

The law goes 


specially 


cense 


infringe some 


even further, because 
it says, "Whoever actively induces in- 
fringement of a patent shall be liable 
as an infringer.”’ So, if your salesmen 
or your engineers should induce a cus 
tomer to buy your special equipment 
especially designed for his combination 
which is covered by a patent of another 
your company would be an infringer 


Some of the favorite devices origi 
nated by the United States Courts dur 
ing the last twenty years was to relieve 
for contributory infringement of a 
patent on the ground that one who 
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Contributory Infringement . . . 





- Whoever sells part of a pat- 
ented machine, material or apparatus 
used in a patented process making 
part of an invention, is liable as a 
contributory infringer. 


ittempted to control unpatented, spe- 
cially built parts through a suit for 
contributory infringement was guilty 
of a violation of the Anti-Trust laws, 
and was guilty of misuse of the patent 
Then his patent was defeated on the 
ground that the manufacturer who sold 
such a component, which was unpat- 
ented, was guilty of misuse or illegal 
extension of the patent right over un 
patented subject matter. 

The new law says, however, that you 
cannot have your patent rights de 
feated on the ground of misuse or 
illegal extension of the patent right, 
because you are supplying, or licensing, 
one or more parts, especially designed 
to fit the customer's needs. The law 
also says that you can have relief 
against an infringer who derives profit 
by the manufacture of a part or mate- 
rial that is especially designed to fit 
your patented product. You can license 
another person to manufacture thesc 
parts of your equipment without jeop- 
ardizing your rights. 

Great possibilities for both profit and 
loss arise for those who would take the 


Patent Law of 1953 


essence of a patent by the manufactur- 
ing of the profitable components of 
the combination. 

Thus, the Supreme Court defeat of 
the Minneapolis-Honeywell Company, 
which tried to control the profitable 
part of making the switches on a stoker 
against competitors making similar 
switches for stokers, would be reversed 
under this new law. In that case, the 
Supreme Court held that, just because 
the manufacturers of the controls did 
not manufacture complete  stokers, 
Minneapolis-Honeywell could not have 
any patent protection for their switches 
especially adapted for such mechan- 
isms, as such switches were not pat 
ented per se. 


RESEARCH LABORATORY INVENTIONS 
Following the eras of mass production 
and mass merchandising, another great 
economic development in the United 
States has been the growth of engi- 
neering and research departments that 
have been producing, through the com- 
bination of a large variety of technical 
skills, some of the greatest inventions 
of our time. The complexities of 


Research Inventions 





- « The courts cannot defeat a 
patent on an invention made in a re- 
search laboratory by a group of people 
attempting to solve a problem. 
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science and industry are such that the 
role of the single inventor with few 
facilities is passing, due to economic 
conditions. This fact has not been rec- 
ognized, and courts have indicated that 
they would not protect inventions that 
were the result of so-called "mass re 
search" or "mass engineering." 

The new law says, "Patentability 
shall not be negatived by the manner 
in which the invention was made 
Now it makes no difference whether 
the invention is produced by wealth 
or poverty, by an individual, or many 
men in a research team. 

This leads to a development show 
ing another single angle of patent re 
ognition based on modern conditions 
Now, we are dealing with organiza 
tions of varying size and large nun 
bers of engineers and scientists as well 
as practical men. The company paying 
for their services in the field of devel 
opment work has frequently been 
penalized by the difficulty of securing 
the signature of the inventor if he de 

lined to sign a patent application 
Likewise, it has been difficult at times 
to determine who were the joint in 
ventors or sole inventors. 

Under the new law, whenever an 
nventor refuses to sign an application 
for a patent, or cannot be found after 
diligent effort, the company or person 
to whom the inventor has assigned th 
invention may make application for 
the patent on his behalf on proof of 
the ownership of the invention. The 
owner of the invention may sign the 
papers and take whatever action is 
necessary to preserve his rights and the 
rights of the inventor, if any 

The new law also provides that, "If 
a joint inventor refuses to join in an 
application for patent, or cannot be 
found or reached after diligent effort, 
the application may be made by the 
other inventor on behalf of himself 
and the omitted inventor." Under such 
circumstances, the resulting patent will 
be issued "subject to the same rights 
which the omitted inventor would have 


Ais 









































Patent Ownership... 


The owner of an invention 
can file an application on behalf of the 
inventor if he owns the invention and 
the inventor refuses to sign. 


id if he had been joined. The omitted 

nventor may eub oin in the 

ipplication.”’ If there is any error in 

ning a joint inventor, the Patent 

Office may permit the application to be 

umended when the 
d 


new facts are dis 


DIVISIONAL APPLK 
been the practice, 
Patent Office to require 
application 


ATIONS 
on occasion, 


nas 
tor the 
division of a 
number of 


cover 


into a 


ns to 


sepa 
one of the di 

issued ahead 
nt Offii ed 


has 
Ww ithi 1a 
this, the 
at pplic 
ject matter described original 
application, the Commissioner 
dispense with the signing and execu 
tion by the inventor.’ 

The last quoted sentence takes away 
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statut savs divisional 


ation is directed only to the sub 


may 


the power exercised by many judges to 
defeat patents, because it is claimed 
that there is more than one invention 
covered by the patent. If the Patent 
Commissioner issues the patent, that 
is the end of the question of how 
many inventions are within the scope 
of the patent. 

On the subject of an application for 
reissue of a patent because of original 
defects or mistakes, or because a pat- 
entee has claimed more or less than 
he had a right to claim, the new law 
provides that there may be several 
reissued patents for the separate parts 
f the device patented, instead of the 
ld patent being reissued into a sepa- 
rate entity. This improvement opens 
up many practical advantages, particu- 
larly in view of the fact that contribu- 
tory infringement is again recognized 
by Congress in this statate. It may be 
very important to separate the reissue 
ıpplications into separate patents so 
that the several parts will permit the 
prosecution of contributory infringers 

The rule established by a number of 
Courts was that if there were an in 
valid claim among the valid claims in 
ı patent, then the court would defeat 
the patent, or not enforce it, or both, 
because no disclaimer had been filed as 
to the invalid claim. 

The new statute changes this, or 

larifies by providing that you can 
maintain an infringement action, even 
though some of the claims are invalid 
But if you do not disclaim the invalid 
before commencement of the 
cannot recover your costs, ıl 


laims 
suit, you 
u win the suit 
Atomic eti 
upon the new 


APPLICATIONS 
rgy has left its imprint 


Patent Law. The adve 
show 


FOREIGN 


nt of other great 


secret nventions th r influen 


Foreign Applications 


American inventors shall not 
file an application for a patent in any 
foreign country until six months after 
filing an application in the United 


States. 


Product 


upon the thinking of Congress in 
drafting this act. First, it is still the 
law that an invention will be protected 
by a patent, if the invention was not 
known or used by others in this coun- 
try, or patented or described in a pub- 
lication in this or a foreign country 
before the date he can prove he in- 
vented it, or more than one year before 
the date of the Ron for patent 
Such a public disclosure must have 
been E by way of sale in this coun 
try, or a description in a publication 
anywhere more than one year before 
filing an application for a patent in 
the United States, or before the actual 
date of invention, in order to defeat a 
United States Patent. 

This means that a prior use abroad 
cannot defeat the United States Patent 
provided the alleged inventor did not 


Secrecy . 


\ 


- In view of the problems of 
Vational Security, a license for export- 
ing a patent application is required. 


know about it. If, by 
vention in this country, 


person who has not 


priority of in 
y, there is another 
abandoned or con 
cealed his invention, it will defeat the 
patent. If the inventor did not invent 
the subject matter sought to be pat 
ented, the patent will be invalid. If 
the invention was described in a patent 
held by another person before the in 
vention by the applicant of the patent 
the patent will be defeated. 

The patent will be defeated if the 
invention which it covers was first pat- 
ented by the applicant in a foreign 
country prior to date of application in 
this country, or an application in the 
United States. In other words, when 
a foreign application has been filed 
the inventor must file in the United 
States within twelve months from the 
date of the application on which the 
foreign patent will be issued. 

An important new provision of the 
law is that a foreign patent will not 
stand as a bar against the issuing of 
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Anticipation of a Patent... 





An application for a patent 
cannot be defeated unless the device 
was known or used by others in this 
country before its invention. 


the United States patent in any case 
where the foreign patent was issued 
after filing in the United States. 

If you are a foreign inventor, in 
order to date back your rights to a 
patent and secure your foreign priority, 
so you can have the benefit of the ap 
plication date in your home country, it 
is necessary to file your application in 
the United States within twelve months 
from the earliest date that the foreign 
application was filed. A claim for 
priority must be made, and a certified 
copy of the original foreign application 
must be filed before the United States 
patent issues. These must be filed in 
the Patent Office to prove your priority 
as a foreign inventor. 

American inventors who file an ap 
plication in foreign countries, based 
upon a United States Patent applica 

n, are met by a new provision in th 
law. "Except when authorized by th 
Commissioner of Patents, person 

t or registration of a utilities model, 

lustrial design, or model of an in- 

ntion made in this country in any 
foreign country until six months after 
ling in the United States." This au- 
thorization shall not be granted with 
out the concurrence of the head of the 
departments and chief officers of the 
Agencies of the Government who have 
ssued such an order or restriction 


Secrecy. The new law recognizes the 
oblems of National Security. It pro- 

des for the secrecy of certain inven 
tions and the withholding of the pat 
ent publication to protect the nation 
The right to prevent the disclosure 
by filing the application abroad is 
therefore, under strict control 

The Commissioner of Patents has 





the power to make an application for 
a patent available for inspection by the 
Atomic Energy Commission, the Sec- 
retary of Defense, and the Chief Off- 
cer of any other department or agency 
of the government designated by the 
President of the Defense Agency of 
the United States. This slams the door 
shut on one of the principal leaks of 
our scientific and inventive brains. 

Upon representation of any govern- 
ment agencies so designated, the Com- 
missioner may seal up the application 
and notify the applicant. This secrecy 
shall extend to not more than one year, 
and is subject to renewal at yearly pe- 
riods. However, if the United States 
is at war the secrecy order shall remain 
in effect for the duration of hostilities 
and one year after the end of hostili- 
ties. Provision is made for compensat- 
ng the inventor or the assignee. 

The law is also now clarified so that 
in proceedings in the Patent Office and 
Courts, an applicant for a patent may 
not establish his date of invention by 
referring to knowledge or use in a for 
eign country, except where he sub- 
mitted a certified copy of any applica- 
tion filed abroad within one year before 
he has filed in the United States. 

Generally speaking, the right to rely 
upon any foreign date by any foreign 
inventor or United States inventors 
with reference to unpublished know! 
edge or prior use of the invention in a 
foreign country is eliminated. This 
reverses decisions of the Supreme 
Court of the United States on this sub- 
ject. Most of the major decisions that 
have restricted the rights of inventors 
are either seriously restricted, modified 
or reversed by the new Patent Act 

No better indication of this is the 


New Use for Old Product 





. .- A new use for an old process, 
machine, or product can be patented 
even though the subject is already 
patented for other uses. 
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A GENERAL ENGINEERING 


care with which the statute defines in- 
vention as meaning an invention or 
discovery. It eliminates by statute the 
so-called "flash of genius" theory and 
the other artificial standards of inven- 
tion established by the Court in the 
last twenty years. It defines the term 
“process,” as any process, art or 
method. 

Most important of all, a new use of 
a known process, machine, manufac 
ture, composition of matter, or mate 


Patentability of a Process... 





The law is now clarified to 
cover a chemical as well as a mechani- 
cal process in addition to new uses for 
old products or processes. 


rial can be patented for the new us 
even though the subject is already pat 
ented for other uses 

This is the most significant phasc 
the entire law. Any existing process 
article of manufacture, methods, mat 
rial, machines, composition of matt 
patented, or un-patented found to ha 
a new use not disclosed heretofor 
an be repatented for the new us 
This opens up an enormous arca 
nvention and encourages new uses for 
the public benefit of the millions 
nventions already mad: 

Congress has been very practical. | 
recognizes that all developments 
inventions that have been created | 
fore are just new tools which the i: 
ventor, the engineer, the scientist, and 
the manufacturer can put to work ot 
new things, even though the mecha 
nism of the thing itself has already be« 
made public, is patented, or is old 
That, essentially, is a law for a pra 
tical people such as we. One wh 
can find a new use for our past accon 
plishments, thereby increasing the ef 
fectiveness of our economy and ex 
panding our scientific and manufa 
turing activities, can be blessed with 
patent monopoly for seventeen years 
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Simple Answers 
to "What Will It Cost?" 


Competitive cost analysis, using weight-price correlation, may be a better barometer 


during initial design stages than a detailed cost estimate. Breakeven charts and progress 


curves also are valuable pre- and post-design tools. 


GEORGE H. KENDALL 


Consulting Engineer 


ASSURANCE of an essential margin of 
profit on new or redesigned machinery 
or equipment is contingent not only 
on final selling price but also on the 
relationship of the price and perform 
ance with competitive lines of ma 
chines. During initial design and de 
velopment stages, these comparative 
costs are often more important than 
a detailed cost estimate—and of more 
help in making design decisions. 

Such comparisons may provide the 
inswers to many of the policy ques 
tions that invariably arise in discussions 
mong engineering, and manage 
ment departments, and be an excellent 
guidepost for the project engineer who 
is responsible for a given line of ma 
hines. One method of obtaining such 


sales 


information is to correlate weight with 
Price 
market 


The SC 


for machines already on thc 
weight-r "rice relationships 
uestis regardless 
manufacturer is large 
or small or whether his production 
equipment is obsolescent or of the latest 
design selling and merchan 
dizing costs, shop bonuses and incen 


rc pre sent basic 


of whether the 


Taxes, 


tives, and all overhead costs are repre 
sented in*his price. Mark-ups differ, so 
that they become an individual prob 
lem, but even so are included in price 
weight ratios 

In the many views were held 
is to whether weight and price could 
be correlated engineers main 
tained that no such correlation could 
exist, particularly in view of changing 
labor and materials prices, fluctuating 
taxes, and other variable conditions ex 
isting between different plants. Others 
claimed that it was impossible to ob 
tain satisfactory results on machinery 
built on special order. Still others were 
sure that the effects of special attach 
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pé ist, 


Some 


nents or services would upset any pos 
sibility of correlation. 

However, research has demonstrated 
that, once a line of machines is de 
signed and placed on the market as a 
type, the shape of an average price 
weight curve changes very little over 

period of years While specific cost 
values will vary, these can be taken 
are of by correction factors computed 
from the difference between a current 
base and the base that was originally 
used to obtain the curve 


Curves must be based on the price 


and weight of similar combinations of 
mechanisms. A lathe, for example, con- 
sists essentially of a base, headstock, 
tailstock, ways, cross slide, chuck, gear 
ing, and associated drives and con- 
trols. If all types of lathes were placed 
on one graph, however, the figures 
would be meaningless. It is necessary 
to plot data only for machines designed 
for similar functions, so that tool room 
lathes would be represented by one 
graph, veneer lathes by another, and 
automatic chucking machines by still 
another. In Tables I and IT are 


lists 


Table I—Range of Weight and Price 
for Various Types of Products* 


ee LLL LN 


Equipment Similar to 


Floor scrubbers and polishers 
Veneer lathes 

Wire and ribbon stock reels 
Marking machines 

Vending machines, automatic coin 
Shredder machines, waste-paper 
Automatic gas water heaters (galv 
Garden tractor, disk-harrow 
Milk-can coolers 

Food freezers 
Motion-picture projector 
Farm field mowers, horse 
Harvesters, cornhusker 
Harvesters, corn-sheller 
Grain blowers 

Magnets, rail-lifting 
Dollies, low truck 
Unloading chutes 
Wheelbarrows, steel 
Dump carts, two-wheel 
Coal stokers 

Food deep-pan fryers 
Overhead traveling crane 
Hammers, single-frame forging 
Hammers, double-frame forging 
Chain hoists 

Air compressors, single-stage 
Air compressors, two-stage 


chassis only 


* Figures require multiplication by a 


outside flue 100 700 
hand directed 


or tractor-drawn 


Range of Weight, | Range of Price 
lb. per lb 


Min Max. Min 


10 150 
7,500 45,000 
75 600 
400 8,000 
75 250 
1,000 5,000 


$1.160 
0.230 
0.180 
0.580 
3.580 
0.940 
0.300 
0.720 
0.400 
0.690 


150 600 
500 1,100 
200 750 

6 18 4.550 

500 800 0.290 
1,500 3,500 0.300 
1,000 3,500 0.310 
300 450 0.300 
2,000 7,000 0.670 
20 100 0.190 
25 150 0.230 0.440 
60 150 0.145 0.230 
300 650 0.300 0.500 
300 2,500 0.190 0.590 
25 700 0.760 1.710 
15,000 105,000 0.280 0.820 
5,000 110,000 0.070 0.330 
30,000 400,000 0.070 0.190 
20 1,500 0.510 1.490 
1,500 9,000 0.390 0.610 
5,000 130,000 0.290 0.640 


0.350 
0.390 
0.320 
0.780 
0.610 


orrection factor for current use 
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of similar combinations of mechanisms, 
along with minimum and maximum 
prices and weights. 

As can be seen from Fig. 1, price- 
weight relationships will scatter over 
a band throughout the entire range of 
weights, rather than fall on a line. 
This band will indicate the highest and 
lowest cost per pound at which the 
given type of machinery has been suc- 
cessfully produced. A smooth, faired 


curve can be drawn through this band 
to indicate the average price variation 
that might be expected, based on past 
American practice. To assure strictly 
impartial information with the ultimate 
aim of the largest scope of general 


use, the greatest width of the band can 
be indicated on the curve by plus and 
minus values in cents per pound. 

The weight and price of each ma- 
chine of a given type should be thor- 
oughly checked and plotted into the 
material for just one graph. Data for 
many machines, representing the entire 
cross section of the industry, must be 
plotted. While the curve that is drawn 
through this plot will represent a com- 
promise among all machines in -— 
ticular classification, it will be indica- 
tive of the best modern practice. In 
general, any long range program of 
development should be aimed at pro- 
ducing equipment that will cost less 


Fig 1—Typical price-weight chart. This indicates the definite correlation between 
price and weight of similar classes of equipment, and can be used to establish 
specifications during initial stages of design. Note effect of light weight. 


Price per pound, $ 


"Wy 
LE 


A 
| Average line” 
0 TEN Fe 


+ 


Medium | 


zone 


10,000 20,000 30,000 40,000 50,000 60,000 70,00 80.000 
Total weight of mochine, Ib. 
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than the average to assure a proper 
margin of profit. 

While this is not the entire story, 
it is the hard, cold, basic fact on which 
analysis should be based. It is entirely 
possible that creative design may pro- 
duce a machine with greater capacity 
than its competitors and so command 
a higher price for a given weight. It 
is also possible that certain patented 
features will permit marketing of a 
machine at a higher price per pound 
than competition. It is also possible 
that certain low cost constructions, plus 
large volume of manufacture without 
any patentable features whatever, may 
result in a price lower than the aver- 
age. This in turn might result in a 
greater margin of proft. 

In some of the machine classifica- 
tions the range from the smallest size 
to the largest size is so great as to war 
rant establishing light, medium, and 
heavy zones purely for analysis of local 
size studies. The cross-section lines 
clearly show the trend characteristics of 
the particular type of machine. As the 
weight of machines increase and, par 
ticularly in the heavy classes of equip- 
ment, the width of this “band of ma- 
chines” decreases 

A wide band width may indicate 
several other things. Generally it ex 
emplifies a new machine classification 
with many patentable features, or a 
class of lightweight equipment, such 
as instruments or appliances, that are 
costly. Data for older lines of machin- 
ery or equipment for which most basic 
patents have expired will fall within 
a much narrower price band. 

The more sensitive zones of any par- 
ticular graph are indicated by tie max- 
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3000 4000 5000 6000 
Total weight of machine, ib 


2,000 


Table IlI—How Price Weight Curves Differ for Various Equipments 


Price per pound, $ 
















4000 8000 12,00 16000 20000 24000 28000 32000 
Total weight of machine, Ib. 
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20,000 40,000 60,000 80,000 100,000 120,000 
Total weight of machine, Ib. 


^to 
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Price per pound, $ 






















140,000 


800 1,000 1,200 1400 1,600 


Total weight of machine,lb 


(A)—Price of equipment in an established industry generally falls within narrow limits, and the lighter is the equip- 


ment, the more sensitive is the price-weight relationship. All data are from Kendall Harris Reference Guide. 


(B)—This curve indicates an extreme sensitivity of cost to weight in smaller machines—probably a result of heavy over- 
head costs. Engineering costs alone are high on this type of equipment, which is large even in small sizes. 


(C)—Price line for well established equipment in an older industry. Maximum price variation is extremely small, even 
though curve covers a wide range of equipment sizes. This is normal for industries that have been long established. 


(D)—Unusual weight-price graph results when increasing the limits of operating conditions—temperature or pressure, 


for example—requires “beefing up” of the equipment. The curve would be similar for some hydraulic devices. 


mum degree of change of the average 
urve. In these zones, slight changes in 
weight or price will have a consider 
able effect on the competitive position 
f the machine, and may greatly influ 
‘nce the overall margin of profit. Con 
ersely, in the least sensitive zones, the 
urve is relatively flat and a consider 
ible weight change is possible with but 
ttle effect on unit price. In other 
words, overall price varies almost di 
ctly with weight in the latter in 
stance, while in the more sensitive 


ones, a decrease in weight may cause 


in increase in price 

Once experience has been obtained 
with the curves—and these may take 
several forms, as illustrated in Table 
III—several other features may be 
added based on personal experience 
and company records on former prod 


ucts. The curves might be broken dowr 
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to show the proportion of design and 
tooling cost to total cost, or to other 
costs making up the total 
previously mentioned, factor can be de 
veloped to correct for changes in eco 
nomic conditions 

Once charts have been developed for 
a given type of machine, 
questions such as the following 
easily obtained: 


What is the 


answers to 


proposed machini 
What is the range of weight of 
e of machine? 

What are the extremes of weight 
and price for this type of machine? 


weight be added and 





still leave the machine within the get 
eral price range? 

Does the indicated cost show that 
further design revision is advisable 

8. Would the use of other mechan 
sms reduce cost? 

9. What is the range of cost of other 
constructions ^ 

10. Would a combination of other 
mechanisms result in lower cost ? 

The importance of knowing weight 
price relative and comparative values 
cannot be overlooked for those who 
desire facts and an assured margin of 
profit. When it is realized that th 
shape of all of these curves are dif 
ferent, and that each one represents 
the successful performance of manu 
facturers with the recognized best skills 
in the world, then basic value for th 
design and development program ar 
understood and practiced 
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Price per pound, $ 


Price per pound, $ 


= 


Price per pound,$ 
£^ D 
s 8 


8 


10,000 20,000 30,000 40,000 50,000 60,000 70000 80,000 
Toto! weight of machine,!b. 


Total weight of machine, Ib. 


Price per pound, $ 
e e E 
BE E E 


e 
s 


0.500 


16 20 22 24 
Total weight of machine, ib. 


an * 20000 40000 60,000 80,000 100,000 120,000 140000 160000 


Toto! weight of machine, Ib. 


(E)—When capacity or size are far below normal, the weight-price eurve has almost a vertical slope. However, distinc- 
tive patentable features may support a higher price level. Competitive features are always a factor in design. 


(F)—Lightweight equipment. The relatively large variation in price pound indicates a line of products not yet estab- 
lishod as en indactry. Good enginsering enn stake $ prodat an induka GARDS úa aein asinan lor. TE 
(G)—This equipment is costly but designed to close limits. A new company entering this field should definitely investi- 
gate weight-price relationships before establishing design specifications, else the product be sold at a loss. 


(H)—The average line of this curve is indicative of constructions made of all basic structural shapes or all castings. Ma- 
terial costs per pound remain essentially the same regirdless of product size, so the curve has very little slope. 


Break Even Charts 

Another type of cost curve that can 
be put to excellent use in the engi- 
neering department is the so-called 
break even chart. This chart contains 
two curves: One shows accumulative 
anticipated income; the other, accumu 
lative anticipated cost. The point at 
which the curve of income crosses the 
urve of costs is the break even point 
in terms of units that have to be pro- 
duced before the company recovers all 
direct and indirect expenses and starts 
making a profit. 

For example, assume that a new 
product is under consideration by the 
engineering and sales departments 
From preliminary designs, the engi 
neering department can estimate the 
development and tooling costs, as well 
as determine the unit cost of the prod 
uct. In Fig. 2, $100,000 is taken as total 


development and tooling costs. Assum- 
ing that direct and indirect costs equal 
$325.00 per unit, the curve of costs can 
be plotted. If, based on market an- 
alysis, the sales department estimates 
that the product can sell for $475, 670 
units must be produced before profit 
This gives the sales department a pre- 
liminary figure that can be checked 
against sales estimates, and indicates to 
the engineering department the neces 
sity for design modifications or reduc 
tions in tooling and development 

An additional expenditure for jigs 
and semi-automatic tooling ($50,000 
on curves) might reduce unit costs by 
reducing the slope of the cost line, and 
thus lower the break even point (red 
line). So the curve can be used to com 
pare production methods as well as to 
determine feasibility of development 
f different 


economics of designs, or 
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worked backwards, the efficiency of 
the engineering program. 

There are several factors to keep in 
mind, however, if break even 
charts are to be used: 

(1) They are based on preliminary 
estimates, and so if the error is to be 
on the safe side, the estimates should 
be conservative, yet as accurate as pos 
sible. 

(2) The selling price may effect 
unit sales, and so should be based on 
actual market conditions. It is frequent 
ly better to establish limits, both min 
imum and maximum, for market price 
as well as limits on sales potential 

(3) Development costs should in 
clude engineering, drafting, models 
testing, allowance design changes, and 
other preproduction costs, including 
tools, jigs, fixtures, material, and labor 
ost and also the cost of such new 
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dow 





DJ 


Fi é Break esen chart. 


pc 


is i ; s — 
Point at which income crosses the cost line indicates 


the number of units that must be produced before profit. 


equipment and expanded facilities as 
are necessary 

Like price per weight curves, break 
ven charts are easily prepared once 
preliminary calculations have been 
made and should be more widely used 
than they now are in engineering de- 
partment planning. They also are an 
ffective tool for management 


Progress Curves 

The greatest inaccuracy in break even 
charts is that they are based on uni- 
form product cost regardless of quan- 
tity produced. Actually, unit costs de- 
crease with increasing »roduction 
quantities since indirect A overhead 
costs are spread over a gfeater number 
of units and the efficiency of labor, 


tooling, and machine use becomes 
greater as production runs become 
longer. When cumulative costs are 
plotted vs. the cumulative number 
of units produced, a hyperbolic curve 
similar to that shown in Fig 3 results 

Since the rate of decrease of cost 
with quantity for one product often 

an be predicted from curves for an- 

other, progress curves can be used by 
both the engineering and production 
department for cost estimating pur- 
poses. They can also be used to ascer- 
tain how several production costs 
making up the whole vary with pro- 
duction or to show the effect of quan- 
tity on material, tooling, engineering 
and overhead costs. 

Three types of progress curves can 
be plotted: One of cumulative average 
costs vs units produced; one showing 
cumulative costs at any given unit; and 
another showing unit cost vs produc- 
tion quantity. The first can be used to 
estimate break even points and to check 
total anticipated production costs vs 
actual costs. 

These can be plotted from historical 
data on the following basis: 


Cumulative Average Cost Curves 
y — bx", where y is product cost, 
x is the number of products pro- 
duced, P is the cost of the first 


product, and m is the slope of the 


progress 
paper. 


curve on logarithmic 


Unit Cost "- 
yi = b (x — Y4)™(m + 1), where 
y; is the an product cost at x 
and x is the unit number. 


Cumulative Cost Curves 
y=bxm+1 


Material for this article based on Kendall-Harris 
Reference Guide (unpublished) 


Fig 3—Progress curves indicating the effect of quantity on decreas- 
ing unit cost. Improved methods and machines plus labor improve- 
ment are primary causes. Both plots are so-called 80 percent progress 
curves common to the aircraft industry. 


Total production cost for labor 


Toto! production cost for labor 
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AUTOMATIC CONTROL... Talk 
of automatic factories other than those 
in the process industries where con- 
tinuous flow simplifies the job of con- 
trolling the operation fails to take into 
consideration three factors: (1) auto- 
mation is adaptable only to large mass 
production industries where tens of 
thousands of one product are made 
without any significant changes in de- 
sign; (2) automation is expensive and 
on the basis of economics alone, often 
not practical; and (3) until machines 
are automatic, factories cannot be au- 
tomatic. 

Nevertheless, the market for instru- 
ment and automatic control devices has 
been increasing twice as fast as ex- 
penditures for plant and other types 
of equipment. Much of that increase 
has bn for aircraft and industry 
control devices. In addition to estab- 
lished names in the field, newcomers 
have jumped their dollar sales from a 
few thousand to several million, and 
many aircraft builders have established 
electronic and control sections through 
which they are planning an entry into 
fields other than aircraft. When the 
defense cutback comes, the scramble 
for business will begin. (See Product 
Engineering Perspectives, July, 1953). 
This sil is bound to bring simpli- 
fication of systems, lower cost through 
redesign of components to make them 
as accurate as necessary—but no more, 
and through design the adoption of 
new methods of control for established 
machines and established methods of 
control for new machines. 


DRAFTING  SIMPLIFICATION 
. . . Less talk and more action seems 
to be the industry's attitude toward 
changes in drafting room procedures 
and methods. The simplified drafting 
approach described in previous pages 
is only part of the story. 

Freehand sketches, pencil drawings 
instead of ink, diemetric and trimetric 
projections, wider use of templates 
and printed standardized component 
drawings, printed transparent overlays 
that are attached to the drawing by an 
adhesive layer on the reverse side, use 
of adjustable size typewriters for let- 
tering, and many new types of drafting 
room instruments, reproduction ma- 
chines and equipment are but some of 
the trends. 

Another is the tendency to question 
whether an assembly, sub-assembly, or 
component drawing is necessary at all. 
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Developments to 


A cold, factual analysis of your draft- 
ing room might easily result in a re- 
duction of 50 percent in costs of op- 
eration. 


ENVIRONMENTAL TESTING 
. . . The aircraft industry found out 
early in World War II that if it want- 
ed detailed data on how equipment 
would function in service it had to 
test the equipment under simulated 
service esl. Test chambers that 
could operate at —95 F to several hun- 
dred degrees above freezing at any 
degree of relative humidity and at 
simulated altitudes up to 50,000 or 
60,000 ft came into being. Into them 
went communication equipment, cabin 
heaters, fuel pumps and all types of 
other auxiliaries and drives. 

Now the trend is extending to com- 

nents such as bearings, gaskets, in- 
sulated electrical wiring . . . and to 
other industries. As a result, consult- 
ants on environmental testing are 
springing up throughout the country, 
and commercial research laboratories 
are expanding facilities for testing of 
customer components. The field will 
continue to grow. 


COMPUTERS . .. New computers, 
for the most part designed to solve 
special problems in ordnance or mili- 
tary logistics, continue to receive spe- 
cial attention in the engineering field. 
Many are being contracted for simply 
for the experience. At least one com- 
pany which has completed a large digi- 
tal machine, has no plans to build ad- 
ditional computers—and undertook 
the initial job only to determine what 
components, memory systems, design 
techniques, and assembly methods be- 
ing used in computers might be adapt- 
ed for their commercial equipment. 

Look for two trends: The increased 
use of small and perhaps “home-made” 
analog machines throughout industry; 
the tendency for small to medium- 
large companies to contract for com- 
puting services from laboratories hav- 
ing a variety of machines and the per- 
sonnel to analyze and program the 
problem. If there ever is a market for 
simple, standard, production built 
equipment, it will be in the commer- 
cial and business machine fields. For 
engineering purposes and special in- 
dustry problems, large complex and 
expensive equipment will continue to 
be tailor-made or modified for each 
customer as they are needed. 
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W'atch 


In addition to the high speed gen- 
eral purpose digital computers to solve 
mathematical problems, there are a 
wide variety el inse applications 
of digital techniques, in the military 
as well as in the commercial field. 
These applications differ from the gen- 
eral purpose machine only in that they 
always solve versions of the same prob- 
lem and do not have to be pro- 
grammed. In parallel with this effort, 
the dov«peslef-cot petii field is 
important in automatic air traffic con- 
trol, automatic factory, military logis- 
tics and other kinds of automatic rec- 
ord keeping. An automatic component 
assembly machine, one of the compon- 
ents of an automatic factory has Ln 
completed at General Electric. This 
unit places resistors, capacitors and 
other components on printed circuit 
boards according to pre-set data. 
Another and perhaps the most sig- 
nificant advance to date is "Project 
Tinker-Toy,” a development of the Na- 
tional Bureau of Standards. This has 
resulted in a completely automatic pro- 
duction line for Navy electronic gear. 
Assembly is based on ceramic wafers 
that are compacted, baked, and built 
up with printed resistors, capacitors, 
and complete sub-assembly circuits. 
These circuits are stacked, placed on 
an etched or stamped chassis contain- 
ing connecting circuits, and dip 
soldered. 


ENGINEERING CUT-BACKS. ... 
Industry has invested heavily in engi- 
neering in the past few years, partly as 
a result of military demands for new 
and complex equipment, partly in an 
effort to improve competitive situations 
—Aand partly because of the federal tax 
structure. 

Because of the excess profits tax 
many company managements have un- 
derwritten engineering facilities that 
would otherwise have been put off or 
neglected. They have hired sufficient 
personnel to carry the added workload 
of defense business. As a result, most 
companies today are in good condition 
on the engineering side of the ledger. 

In the coming year, the tendency 
will be to reduce engineering expendi- 
tures. Normal reductions can be antici- 
pated in most instances. Serious cut- 
backs would be a mistake. The need 
now is for cost conscious design and 
redesign, since many current products 
are over-engineered. And price will be 
a big factor in the years ahead. 
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TECHNICAL 


PAPERS 


for your protection 


When you ask for Clearprint, be sure you get it. Look for 


the Clearprint name, watermarked for your protection. 


No other technical paper is “just the same” for Clearprint 


is made by an exclusive process available to no other 


manufacturer. Since its introduction in 1931, other paper 


makers have strived to equal Clearprint’s quality. None 
has succeeded. 


For America’s finest technical paper, always insist on 


genuine watermarked Clearprint. 


There are Clearprint Technical 
Papers for every requirement. 


Order from your dealer today, 
or write: 
CLEARPRINT 
PAPER CO. 


1482 SIXTY-SEVENTH STREET 
EMERYVILLE, CALIFORNIA 


CLEARPSINT 


£ - A 


TECHNICAL PAPER 


THERE I$ NO SUBSTITUTE — Demand Watermarked Clearprint 


MAIL COUPON FOR SAMPLES AND PRICES 


CLEARPRINT PAPER CO. 1482-67TH STREET, EMERYVILLE, CALIF. 


Send me Clearprint samples, with prices, for the following 


uses 


Have your representative call at my office 


NAME 


FIRM 


ADDRESS 
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NOW the most important advance in the field of 
vibration testing since Calidyne first introduced the 
2500 pound shaker, 600-1250-2500 pound force 
shaker systems with electronic power supplies for 
programmed complex waveform and feedback 


testing. 


SHAKERS — A complete line of electrodynamic shakers, force output ranging from 25 pounds 


to 2500 pounds for conventional vibration testing to JAN and MIL specifications 


CALIBRATION SYSTEMS — Designed specifically for calibration of vibration pickups, the 
Calidyne Model 1 and Model 6C Calibrators with associated power supplies and 





accessories provide two basic and complete systems for rapid and accurate 


$ 


calibrations of accelerometers and velocity pickups 





ACCELEROMETERS — D.C. operated accelerometers of exceptional sensitivity are available 


in standard ranges from 5 to 50g. Typical corresponding natural frequencies 
from 200 to 500 cps, 15 volts output at rated g. Accessories designed for use 
with these accelerometers include compact nesting battery power supplies and 


coupling circuits as well as A.C. operated supplies 


ag 









METERS — The Calidyne Company offers three instruments designed for use in vibration 
measurements The Vibration Meter — a battery powered unit designed for 
use with standard velocity pickups Direct reading of acceleration velocity 


or displacement 





The Signal Monitor — A.C. operated and designed for use in monitoring table 
motion of shakers having velocity signal generators. Reads directly —accelera 


tion in vector g or displacement in peak-to-peak inches 


The Vibrascope uses the Calidyne Accelerometer and provides direct meter 
reading of vibration level in acceleration, velocity or displacement units and 
a calibrated oscilloscope for waveform and frequency indication 

STANDARDS | 


"Pe GRbPSe ESEPia Gi 





- The Calivolter provides a precise tool for voltage standardization and general 
calibration work Easily checked against primary laboratory standards 
SALES REPRESENTATIVES IN: WALTHAM, MASS. CLEVELAND, OHIO 
Robert A. Waters, Inc. M. P. Odell Company 
Waltham 5-6900 Prospect 1-6171 
RIDGEWOOD, N. J. FLORIDA 


THE 


G. Curtis Engel & Associates A. H. Lynch end Associates 
N. Y. City Rector 2-0091 Fort Myers 5-6762 
WASHINGTON, D. C. CHICAGO, ILL. 

F. R. Jodon, Inc. 


Hugh Marsland & Company 


COM PAN Y Woodley 6-2615 Ambassador 2-1555 


WINCHESTER, MASSACHUSETTS 
















MINNEAPOLIS, MINN. DALLAS, TEXAS HOLLYWOOD, CALIFORNIA ARNPRIOR, ONTARIO, CANADA 
H. M. Richardson & Company John A. Green Company Gerald B. Miller Company Measurement Engineering Limited 
Fillmore 6317 Dixon 9918 Hollywood 9-6305 Arnprior 400 
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‘AGAIN FIRST win tae FINEST 


Poudre 


3 new FASTAX CAMERAS 


s 






Continuing the Wollensak 
policy of developing finer 
cameras and accessories to 
fill the requirements for 
more complete high-speed 
instrumentation Wollensak 
has produced these larger 
film capacity FASTAX high- 
speed cameras. Now for the 
first time longer continuous 
motion studies are possible 
with ome camera. 


The 8mm FASTAX has a 
maximum speed range of 
12,000 pictures per second 

. the 16mm Fastax, 6,000 
pictures per second . . . the 
35mm FasTAX, 2,500 pic- 
tures per second. These speeds prevail when cam- 
eras are operated on 130 volts without a “goose.” 


NOW AVAILABLE 
HIGH-SPEED CAMERA LENSES 


Complete line of FAsrAX Raptar lenses in focal 


lengths up to 80" available for high-speed cameras. 


WRITE WOLLENSAK FOR INFORMATION OR SERVICE 


RAPTAR 
RAPAX 
FASTAX 
MIRROTEL 





OPTICAL COMPANY: ROCHESTER, N.Y 
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NEW, FASTER— 
MORE EFFICIENT! 


@ Prints up to 14 ft. per min. Develops at 8 ft. per min. 
Produces black line and colored line whiteprints in 
volume at low cost! Handles cut sheets or roll stock up 
to 42” wide in any length. Equipped with 2000 watt high 
pressure Vicor jacketed lamp for greater printing speed. 
Newly devised blower system for coolest contact— protects 
originals. Feed, delivery and all controls in front, within 
easy reach. Easy to install and operate. Trouble-free. 
Simple to clean. Minimum maintenance. 220 v. single- 
phase 60 cycle AC. Priced at $1565.00. Get full facts now. 





Also other Versa-Liner and Spee-Dee Whiteprinting Out- 
fits for Moist Diazo or Ammonia Dry Process from $55.00 









5629 N. WESTERN AVE. 
CHICAGO 45, ILLINOIS 


Founded ín 1937— Over 10,000 Machines in Use 
MFRS. OF WHITEPRINT, BLUEPRINT AND PHOTOCOPY EQUIPMENT 
















FAMOUS BEAM COMPASS 





Precision Leading Draftsmen 


Tool and Designers 


Hair-line adjustment quickly made and maintained by spring-loaded 
thumb rollers. No screws or clamps. Lead expeller for easy control 
of lead length. Slides instantly interchangeable to any beam length. 
Made of anodized aluminum, stainless satin finish. Beam lengths 
from 7" to 100". WRITE FOR LITERATURE. 


ENGINEERING RESEARCH ASSOCIATES, INC. 


3475 East Nine Mile Road Hazel Park , 














Michigan 


Facts about 


Product Engineering 


Product Engineering is the only paid- 


circulation magazine serving design 


engineers. 
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Design and Make your own 
AIR GAGING AND MACHINE CONTROLS 


WITH 


"PLUNJET" ! 


GAGING CARTRIDGES 





“GREATEST ADVANCEMENT IN AIR GAGING 
SINCE THE INTRODUCTION OF PRECISIONAIRE” 


That's what many have said of this “gaging cartridge 
of 10,000 uses." During the last four years thousands 
of PLUNJETS have gone into use on a wide variety of 
gaging and machine control applications. More than 
five thousand are on gages for checking jet 
engine blades. 


NOW, PLUNJETS ARE AVAILABLE TO YOU —immedi- 
ate delivery from stock of 36 different ranges, styles 
and types, at least one of which is suitable for your 
requirements. 





SAVE BY SENDING THIS COUPON NOW for your own copy 
of PLUNJET ENGINEERING DATA. 











GAGE DIVISION, DEPT. 11 
THE SHEFFIELD CORPORATION 
DAYTON 1, OHIO, U.S.A. 





PLEASE RUSH 
PLUNJET ENG. DATA 











A S. T c SOM ENDS oo o $9985. ——— Á————— 
a MEME sid ind e 
Tm) SHEFFIELD ee 
g 6 

Qa” | ee STREET 


OTY — —— — ÁÉÉ20N STATE o 
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sheath TRUSTED 


AMAZING! the Time and Money Saved 
c Dee WHITEPRINT 








NOW...a standard of 


testing accuracy heretofore 
unavailable... through the 


Jr SCOTT 
E "ACCR-O-METER" 


Weighing System 
for Constant-Rate- 


of-Extension Testing 


(accuracy to .01%) 





applicable to all types 
of materials both low- 
and high-elongation, with 
capacities up to 1 ton tensile 


With the Scott 
"ACCR-O-METER" 


See what a 
highly accurate Stress 
Strain recording is produced 





The "Accr-O-Meter" is invaluable to manufacturers, 
suppliers and users of materials. Gives accurocy and 
detailed evaluation never before obtainable. Finds end- 
less applications in precise tensile testing of all sorts of 


materials and their products and constructions. 


Request Literature on this and ofher 
SCOTT "WORLD STANDARD" TESTERS 


SCOTT TESTERS, INC. 


92 BLACKSTONE ST., PROVIDENCE, R. I. 
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Make Exact Duplicates in as little 
as One Minute at less than 2c sq. ft. 


Inexpensive and simplest of all print 
making equipment! Thousands in daily 
use. Enables anyone to make accurate, 
positive whiteprints from translucent 
Originals. Saves up to 80% of commercial 
blueprint costs—quickly pays for itself! 
Makes photocopies, too. Just plug in. 
Uses diazo (moist or ammonia dry) 
process. Complete portable Spee-Dee 
outfits in 12" x 18", 18” x 24” and 

24" x 36" models. Prices start at $55.00. 
Also a full line of 42" width capacity 
volume production whiteprinters at 
moderate prices. 


Send today for Free 
Spee-Dee Brochure 


Peck & HARVEY 


Mfrs. of Whiteprint, Blueprint & Photocopy Equipment 
5629 NORTH WESTERN AVE., CHICAGO 45, ILLINOIS 


AN EVEN-LINE 


The UNIQUE drafting pencil that: 


10 DAY 
FREE TRIAL 





€ uses a ribbon of lead .012 in. thick, 






e draws without sharpening, 


@ feeds lead automatically, 


è eliminates lead breakage, 


Two Sizes Available : 


Light Line - .012 in = 
Heavy Line — .018 in. wide 
Leads - HB.H, 2H, 4H, 6H, 9H 


$3.50 plus $.35 fed. tax 


Pencil — ben el 1 


Leads - $ 25 per 


EVENLINE PRODUCTS 
6, R.I. 


At your dealer or: 
P.O. Box 47 East Side Station, Providence 


| 
| 
| 
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EACH DESIGNED TO DO A SPECIFIC JOB 


DIFFERENT DIAZOTYPE MATERIALS 





(Ammonia-Developing and Moist-Developing) 






It is not necessary to resort to compromise materials You utilize a wide variety of materials in your 










when your reproduction problems are out of the designs, selecting each for its qualifications for a 


ordinary. Every Tecnifax Sales Engineer can specific job. We suggest the same approach in 
demonstrate 229 different Tecnifax diazotype choosing reproduction materials. Before you ac- 
materials, including many exclusive items. He is a cept limits in your reproduction techniques, please 
specialist in these materials, but will unhesitatingly call the nearest Tecnifax Office listed below, or 


recommend other reproduction processes where write to Tecnifax Corporation, Holyoke, Massa- 


they serve your purpose better. 


TECNIFAX 
DISTRIBUTORS 


Atlanta 3, Georgia 


Atlanta Blue Print & Supply Co. 


112 Spring St., N. W. 
Lamar 1916 


Denver 2, Colorado 


Colorado Blue Print Paper & 


Supply Co. 
1522 Glenarm Place 
Main 5106 


Houston 2, Texos 

Rapid Blue Print Co., Ltd. 
417 Gulf Building 
Charter 1626 


Seattle 4, Washington 
Olympic Blueprint Co. 
112 Marion Street 
Main 5441 


Washington 6, D. C. 
Macintosh & Sheridan 

229 Dupont Circle Building 
Dupont 7-0114 


Buffalo 2, New York 
Seneca Blueprint Co., Inc 
187 Delaware Avenue 
Washington 6772 


“It’s easy to do business with Tecnifax!” 
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El Paso, Texas 

R. M. Metcalfe Co. 
318 Texas Street 
2-2666 


Knoxville 2, Tennessee 
Sehorn and Kennedy 
715 Market Street 
4-1823 


St. Lovis 1, Missouri 
Commercial Blue Print & 

Photo Copy Co. 
1123 Locust Street 
Garfield 2647 


Charlotte 2, N. C. 


Southerland Blue Print Co., Inc. 


119 West First Street 
Charlotte 2-4472 


Albuquerque, New Mexico 
R. M. Metcalfe Co. 

706 North Second Street 
3-5549 


Philadelphia 7, Pa. 


Allied Engineering Products, Inc. 


1227 Arch Street 
Locust 4-3855 


Tulsa, Oklahoma 

J. A. Blackwood Co. 
310 East Sixth St. 
2-7 559 


chusetts. 


TECNIFAX SALES 


BRANCHES 


New York 16, N. Y. 
280 Madison Avenue 
Murray Hill 3-0664 


Cleveland 13, Ohio 
1200 West Ninth Street 
Tower 1-3339 


Indianapolis 4, Indiana 


717 West Washington Street 


Lincoln 4970 


Dallas 7, Texas 
2022 Farrington Street 
Sterling 4078 


Baltimore 2, Maryland 
1605 Court Square Bidg. 
Plaza 6015 


Detroit 16, Michigan 
1627 West Fort Street 
Woodward 1-7490 


Cincinnati 2, Ohio 
309 Main Street 
Garfield 4787 


Pittsburgh 33, Pa. 
1009 Pennsylvania Ave. 
Cedar 1-5440 


Kansas City, Kansas 
909 North Sixth Street 
Drexel 4257 


Chicago 14, Illinois 
2716 North Kenmore Ave. 
Graceland 7-1519 


Albany 9, New York 
15 Colvin Avenue 
Albany 89-06-33 


Minneapolis |, Minn. 
740 Washington Ave. No. 
Filmore 5897 


Columbus, Ohio 
1587 Woodcliff Drive 
Exeter 3924 


TECNIFAX 


CORPORATION 





HOLYOKE, MASSACHUSETTS 


Messed 





































EMMERT PRECISION DRAFTING MACHINES 


Actually Pay 
for Themselves! 


COMPLETE BOARD 
COVERAGE 


NO OBSTRUCTIONS! 
NO BLIND SPOTS 






No piece of equipment can pay for itself as quickly as an Emmert 
Drafting Machine. 


Savings provided by Emmert come from complete board coverage, no 
obstructions or blind spots. Emmert takes the labor out of engineering, 
enables drawings with more precision than human accuracy (micromatic 
quadrant with a precision to within 1/5 the thickness of a pencil line), 
is simple and speedy! 


Exclusive track-typed design permits long parallel lines far beyond 
the extent of the scale to full dimension of the board, both horizontal 
and vertical. Current installations range up to 148 feet in length. 
Special adaptations for any board. 






Consult Emmert today. Prompt reply to your inquiry. 


Emmert Manufacturing Company 


Waynesboro 2, Pennsylvania 











Mayline Drafting Room Furniture 


To industry Mayline offers a complete line of 4- 
Post tables and accessory furniture and items. 





3NITAVW 


New, Office-gray, Metal Plan Files. Exclusive 


THe Model I0VA, shown, is one of eight models of All 
Am hinged dust cover. Ask your local dealer. 


rican Vibration Fatigue Testing Machines. The “I0VA 





produces vibration vertically in simple harmonic motion — 

from 10 to 55 cy per second on automatic control and 

from 10 to 60 c.p.s. on manual control. Table load capacity 

0 Ibs. at 10g. Has: 50 overload factor. Tests compon- | MAYLINE 

ents, assemblies, products — exposes danger points — fore- 1 

alls failures in the Feld. Simple to operate. Essential for MAYLINE CO., INC. 

today's inspection, testing, research. Send for Bulletin 551. formerly 
Manufacturers of All American Precision ENGINEERING MFG. CO. 

rm Se 605A No. Commerce St. 


Sheboygan, Wisconsin 





Q TETA 


Tool & Manufacturing Co. 


8019 LAWNDALE AVENUE, SKOKIE, ILL. 


i MAE —— 
PEAN 





MAYLINE 
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XEROGRAPHY... the World’s Most Versatile Copying Process 


me HaT 


XeroX Copying Equipment copies engineering draw- 
ings onto OFFSET PAPER MASTERS for run-off of multiple copies on offset duplicators. 


XeroX J L/TH-MASTER ff Copying Equipment copies engineering draw- 
ings onto TRANSLUCENT PAPER for making additional copies in diazo-type equipment. 


Xerox LEZIT Copying Equipment does either of the above 
IN LESS THAN THREE MINUTES! 


XeroX MICAZIHLJ Copying Equipment REDUCES or ENLARGES... 
Copies Anything Written, Printed or Drawn, from ONE SIDE OR BOTH SIDES of originals. 


The new XeroX Lith-Master Camera No. 4 was de- 
veloped to meet the demand for a method of reducing 
large engineering drawings or other copy, from a 17” 
x 22” copyboard, on to an 82” x 13" XeroX plate by 
xerography. The camera also enlarges subjects up to 
150% of size to the limits of the 8 /2""x 13” XeroX plate. 

The image from the Xerox plate is transferred by 
xerography to an offset paper master for run off of mul- 


tiple copies on an offset duplicator. The image also may 
be transferred to translucent (engineering) paper for use 
as an intermediate in making extra copies by the diazo 
process. 

Xerography is a quick, dry, electrical process of copy- 
ing anything written, printed, typed or drawn. It's clean. 
It's economical. No chemicals, water or sensitized paper 
are required. 


*A trade mark of The Haloid Company 


WRITE for case histories showing how all types of com- 
panies are saving time and money with xerography. 


THE HALOID COMPANY 
53-230 HALOID STREET * ROCHESTER 3, N. Y. 


Xerography Pioneers 


Rectigraph and Foto-Flo Photo-Copying Machines 


OGRAPHIC p 
2 
-= K 


[3 
ata 


d 


CLS 


Photocopy Papers and 


Chemicals Photographic Papers Negative Materials for the Graphic Arts 


XeroX products for xerography 
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Consolidated Engineering Corporation of 
Pasadena, California, is an American pioneer 
and present leader in the creation and 
manufacture of high speed, high accuracy 
analytical instruments for process and 
product evaluation. During 1953 Consolidated product 
introduced the new precision electronic 
analytical instruments shown below as 
additions to its extensive line. 


evaluation . 


Consolidated Instrumentation 


model 21-610 
mass 
spectrometer 


Latest of six CEC Mass Spectrometers, | 
the Model 21-610, combines extreme ac- 
curacy and sensitivity with dependable 
stability, to make possible high speed, 
high accuracy product evaluation and pro- 
cess control. Ideally suited to production 
line and plant uses, it is moderately priced 
and inexpensive to operate. Write for 
Bulletins CEC-1824 and CEC-1302. 





tvpe 5-11 Newest of Consolidated's five recording | 
yp f j oscillographs, the 5-119 was designed and 
recording built to customer specifications. Demands 


of major oscillograph users were built into 
the 5-119 to provide the "perfect" dynamic 
testing instrument. Featuring extensive 
warning and test circuits, the 5-119 com- 
bines great capacity and accuracy with 
high speed and unusual insurance against 
data loss. Request Bulletin CEC-1536. 


oscillograph 





data CEC's Data Processing Systems save time in the 
reduction of data accumulated through product or 
processing process evaluation. Available for converting both 
systems dynamic and static test data and data from analyti- 
cal mass spectrometers, the Data Processing Sys- 
tems change analog values to digital (numerical ) 
form for automatic tabulation, cutting the time-lag 
between field or laboratory tests and tabulation of 

results in final, usable form 


transducers ^ dynamic testing system is no better than its trans- 


ducers ... delicate sensing instruments that translate 





physical phenomena into analogous variations of electric 
voltage. Consolidated transducers are available for mea- 
suring pressure, and linear or torsional vibration. Made 
to high precision standards, they exhibit high accuracy 
and stability under the most adverse conditions. Where 
weight and space are critical, they provide operating 
characteristics fully comparable to larger instruments. 
Send for Bulletin CEC-1503 





Consolidated Engineering | «s. 


. x a AND IN T 
300 North Sierra Madre Villa, Pasadena 15, California > ane 


Sales and Se e through CEC INSTRUMENTS, INC., a subsidiary with offices in 
Chicago, Illinois Dallas, Texas 

919 North Michigan Avenue 3200 Maple Avenue 
WHITEHALL 3-2070 STERLING 5371—5372 

New York City, New York Pasadena, California 
285 Madison Avenue 300 North Sierra Madre Villa 

MURRAY HILL 3-0860 SYCAMORE 2-7184 
Philadelphia, Pennsylvania Washington, D.C 

101 North 33rd Street 711 Fourteenth, N.W 
EVERGREEN 2-1529 REPUBLIC 7-3697 





construction; mechanical engineering; 
electrical engineering; automotive; fer- 
rous materials and metallurgy; non- 
ferrous materials and metallurgy; rub 


| ber; chemical industry; textile industry; 


mining; wood industry; pulp and paper 
industry; photography; office equip- 
ment and supplies; and miscellaneous 
groups. 


(M-10) LABORATORY EQUIP- 
MENT—tThe Daven Co., Booklet, 28 
pages. Completely detailed with illus 
trations, descriptive copy, technical 
data and diagrams on attenuation con 
|tinuation networks, decade resistant 


[units and individual resistent units 


Volume level indicators, transmission 
measuring sets, noise and distortion 


| meters, and output power meters 


| (M-11) INDUSTRIAL MAGNIFI- 


| 


| 


ERS—Bausch & Lomb Optical Co., 
Bulletin I-67, 24 pp. Entitled, "Indus- 
trial Magnifiers—How to Choose and 
Use Them,” it outlines the optical 
| principles of magnifiers, describes basic 


| types, and gives a magnifier selector 


| chart and glossary. Contains more than 


50 photographs and diagrams, and 
gives specifications for the 75 magni 
fiers made for all uses 


(M-12) TESTING LAB Inland 
Testing Laboratories, Booklet, 24 pp 
Describes and illustrates facilities that 
include: climatic chamber; high and 
low temperature chambers; vibration 
test stands; salt spray, and sand and 


| dust tester. Also has equipment for 


tests on: explosion; acceleration shock, 
high potential insulation 


(M-13) TESTING MACHINE A¢ 

CESSORIES Tinius Olsen Testing 
Machine Co., Catalog 46, 22 pp. Has 
detailed information on instrumenta- 
tion, tools and accessories. Points cov- 
ered are: electronic recorders; electronic 
strain instrumentations; mechanical ex 
tensometers; tension, compression, 
transverse, shear, bend, and hardness 
tools: electronic load cells; and other 
devices. Has illustrations of each. 


(M-14) MEASURING SURFACE 
FLATNESS—F. T. Griswold Mfg. Co 
Catalog 20, four pages. Describes and 
illustrates a new system for measuring 
surface flatness by means of optical 
levels that utilize a beam of light as 
a straight line reference. Shows how 
variations in surface flatness can Lx 
located exactly and measured to an 
accuracy of plus-or minus 0.00004 in 
along a three-foot segment 


(M-15) FLOW . METERS-—Minne 
apolis-Honeyw ell Regulator Co., Spec 
Sheets 241-247, 20 pp. Covers electric 


| evenly graduated flow meter bodies and 


mechanical evenly graduated flow me 
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it’s VERSATILITY that sells pem 
SANBORN in the field of 
a ndu i R na DC PREAMPLIFIER 


| quee 
| 


As indicated by references AC PREAMPLIFIER 



















at the right, you may 
have a choice of five 





different instruments (A) 
DC CONVERTER — for low level DC record- 
ing such as thermocouple output. 


for quick and convenient 
standard rack mounting 
in the system at A, , 





PLUS a choice of up to four 
of any of the three 
different type amplifiers (B) 
or any combination 


TRIPLEXER — when coupled to a DC ampli- 


fier permits the recording of three events 
in one channel, 


of these amplifiers 





with the 


SANBORN 


FOUR-CHANNEL 


OSCILLOGRAPH 
RECORDING 
SYSTEM 


(MODEL 67) 


THRESHOLD MONITOR provides means 
for the control of voltage levels or rate of 
change. 


DC (General Purpose) AMPLIFIER 





STRAIN GAGE (Carrier) AMPLIFIER 


E- — 1 


SERVO MONITOR AMPLIFIER—a phase 


discriminating AC amplifier used in servo 
A s shown in the diagram, removing or interchanging any of the am- design and testing. 


plifiers or other instruments is simply a matter of sliding the unit in 
or out of the mounting rack where contact is made automatically by 
plug-in connectors, Screws at the four corners of the panel hold the 
instrument in place. 
Other features of this system which add to Sanborn VERSATILITY 
are the choice of eight paper speeds — 50, 25, 10, 5, 2.5, 1.0, 0.5 and 0.25 
mm/sec, and the use of either 4-, 2-, or l-channel recording paper. 


SANBORN 
1-, AND 2-CHANNEL 
RECORDING 
SYSTEMS 


| 

| And, of course there are these popular Sanborn advantages: a high 
| torque movement (200,000 dyne cms per cm deflection), direct inkless 
| recording in true rectangular coordinates, and provision for code and 






a > E 
l time markings. ê i 
S Sanborn Recording Systems may be used to record any one or more 
x ; 1 i . a t . One channel Model 
of a wide variety of phenomena whose characteristics range from static 


128/141 above and two- 
channel Model 60 at 


right both incorporate 


to 100 cycles per second. If your record- 
ing problem is not one which can be 
solved by standard Sanborn equipment, 
our engineers will be glad to suggest 
ways in which modifications of it may 
suit your requirements, 










Sanborn recording 


SANBORN 
COMPANY 


] trial Recording Equipment will be sent CAMBRIDGE 39, MASS. 
gladly on your request. 


advantages which in- 






clude interchangeability 
of amplifiers and (with 


Model 60) preamplifiers. 
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C o> - A» ters; square root flow meters, and 
ee DS C A "e liquid level meters. Includes many 


D illustrations, plus construction and 
» c engineering details. 
(o y (M-16) AIR RECOVERY CELLS 
a W. B. Conner Engineering Corp., Bul- 


letin 117-C, 16 pp. Contains illustra- 


tions and description of activated car- 

F LD A f | bon air recovery or purification cells. 

| Includes data on the new T-42 C cell 

recommended for odor removal appli- 


cations other than those found in ordi- 
nary comfort conditioning. 


(M-17) GOVERNMENT SPECIFI- 
CATIONS—E. F. Houghton & Co. 
Bulletin 2-27-E, 16 pp. Products meet- 
ing various specifications are listed 
under the following classifications; rust 
preventatives; lubricants; cutting oils; 
metal working aids, and leather and 
synthetic rubber products. 


(M-18) DIRECT WRITING RE 
CORDERS—The Sanborn Co. Book- 
let 23M, 16 pp. Entitled “7 Advan- 
tages of Direct-Writing Recorders for 
Industrial Users,” it illustrates and 
describes a line of equipment for the 
study and recording of a variety of 
electrical and mechanical phenomena 


(M-19) MECHANICAL DEVELOP- 
MENT APPARATUS—Servomecha- 
nisms, Inc., Booklet MDA-200, 16 pp 





By the time you discover old age has attacked your 


important drawings — it’s too late. By then, the damage has 
been done. The time to effectively block old age is NOW — PRECISION OPTICAL 
while tomorrow's drawings are still in the preparatory stage. 


The way to do it? Specify Arkwright Tracing Cloth. Arkwright INSTRUMENTS 


checks the destructive effects of old age. Arkwright won't fray 





at the edges, turn brittle or opaque. You are assured perfect Prompt delivery on Process and 
transparency, regardless of age. Laboratory Test Equipment 
There are other reasons why it pays to work with Arkw right. made by O.P.L., leading French 


This superior tracing cloth can “take” all the 
erasing you're likely to give it in a month of 
Sundays — and still provide sharp, 
clear lines. You need never worry 
about “feathering” or “blobbing” or 
imperfect blueprints. 


manufacturer of industrial and 
medical equipment, cameras, 
etc. 












—Continuous, direct reading 


d TN i refractometer 
So insist on quality. You'll get it 


with Arkwright ... America’s Standard 
for over 32 years. Arkwright 

Finishing Co., Industrial Trust Bldg., 
Providence, R. I. 


—Laboratory, Abbé type, and 
Portable (Field) Refractometers 


—Universal Microscope (Metal- 
lographers) with microphoto 
attachment | 
a 5 nh —interferential eyepiece 
Se Consult us on Special Optical Problems 
ARKWRIGHT, f! j ae 
a , Full information avcilable from 
; E. J. VAN DER LEUR 
60 Beaver St., New York 4 


In Canada: "B.O.P." 445 Craig St., W.. 
Montreal P.Q. ` 
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Describes a line of precision compo- 
nents for rapid and economical bread- 
board and semi-permanent assembly 
of control systems instrumentation and 
analog computers. Completely illus- 
trated, it features the line of new com- 
ponents. 


(M-20) PROGRESSIVE MECHANI- 
ZATION—General Electric, Bulletin 
GEA-5789, 16 pp. With documented 
examples, it presents the stages of 
mechanization, from the replacement 
of hand operations up through the 
automatic continuous-process systems. 


(M-21) PHOTOCOPYING DE- 
VICE—American Photocopy Equip- 
ment Co., Booklet, 12 pp. With 
illustrations showing the operation, 
the principle of automatic developing 
and fixing is described. Measuring 21 
in. long by 8 in. wide and 5 in. high, 
the unit produces a copy in less than 


30 sec., and requires no dark room. | 


(M-22) MANOMETERS—King En- | 


gineering Corp. Bulletin 313, 12 pp 
Includes basic facts and definitions on 
pressure measurements; explains how 
types of manometers operate and what 
they measure; and detailed information 
on installation, operation and mainte- 


nance. English and metric tables of | 


equivalents given for various indicating 
liquids. 


(M-23) ANALOG COMPUTER 

Computer Corp. of America, Catalog, 
12 pp. Complete with a full producer 
description of the Integro-Differential 
Analyzer, the catalog discusses the gen- 
eral theory of analog computers, and 
describes the method of setting up 
problems for solution. Has several 
pages of typical examples in various 
fields of dynamics. Also describes the 
Function Simulator which makes pos- 
sible the addition of backlash, dead- 
zone, and limit stops to computers. 


(M-24) INSTRU MENTATION — 
Baird Associates, Inc., Vol. 3, No. 1, 
1952, 12 pp. Called "Better Analysis" 
this publication deals with the theory 
and practice of instrumentation. This 
issue covers emission spectroscopy and 
describes several applications. Contains 
many photographs. 


(M-25) SCIENTIFIC INSTRU. 
MENTS—F. W. Dwyer Mfg. Co., 
Bulletin MA-VB-25M, 12 pp. Illustra- 
tions and specifications on gages such 
as: flex tube manometers, magnehelic 
gages, other gages for measuring static 
and differential pressures, and veloci- 
ties. Also covers pressure switches, pre 
cision flowmeters, and air filter gages 


(M-26) OPTICAL GAGING—East- 
man Kodak Co., Booklet F1-68, 12 PP. 


fm 





Model 3700C 








Model 3010-A 






PRESSURE RESEARCH 
VELOCITY MEASUREMENT 
DISPLACEMENT MEASUREMENT 


STRUCTURAL MEASUREMENT 


STABILIZED 


Pressuregraph 


Measures and records pressure time studies of 
dynamic or transient pressure phenomena. Drift 
and temperature stabilized. Up to 200° of pick-up 
cable can be used. Range: .5 to over 5,000 PSI. 
Frequency response: | to 20,000 CPS. 


Applications: Engine cylinder pressure studies. 
Engine analysis for servicing. Carburetor develop- 
ment. Fuel research. Hydraulic valve lifts. Injector 
pressure studies. Oil pump development. Explo- 
sions in power transformers. 





F3 Magnetic Pickup 


Converts mechanical motion to electrical energy. 
Generates up to 23 volts without contact. Output is 
proportional to the rate of speed of metal object 
being measured. Self-energized by built-in magnet. 
Actuated by any magnetic material on a moving 
part. Small, compact and rugged. Low cost permits 
its use in production machinery. 


Applications: Controls electrical devices. Indi- 
cates rate of motion (angular or linear), RPM. 
Used for measuring torque strain; for precision 
ignition timing and acceleration. Vibration and 
velocity studies; ballistic research. Serves as 
tachometer when used with voltmeter. 


P3 4499 Dynamic Micrometer 







AU... 3600-A 


Measures and records dynamic or static displace 
ment, vibration or movement of any metal body 
without contact, down to .0001 inch. Measures 
eccentricity, axial vibration, radial whip, bearing 
clearance, radial expansion with acceleration and 
reciprocating movement. 


Applications: Vibration in motors. Valve travel, 
bounce. Eccentricity of commutators, slip rings. 
Travel, bounce of relay contacts. Shaft whip. Whip 
of pulleys, wheels, gears. 


FLED Sonometer 





Model 4100 


Measures Young's modulus of elasticity by means 
of sound vibrations to determine resonant fre 
quency of any solid material for structural char- 
acteristics. 


Pick-up at end of object, converts vibration from 
driver at other end into electrical energy, as oscil 
lator is tuned to proper frequency, meter shows 
point of resonance. 


Applications: Metal, Carbon Electrodes, Alumi- 
num, Wood, Castings, Concrete. 


Write for FREE Detailed Bulletins! 
ELECTRO PRODUCTS LABORATORIES, 4501-PDc N, Ravenswood Ave., Chicogo 40, III 


See Your nearest EPL Sales Engineer 


California, Los Angeles 
Harold A. Kittleson 
Canada, Toronto 
Atlas Radio Corp., Ltd 
Florida, Fort Myers 
Arthur Lynch 
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Massachusetts, Winthrop 
Clayton Nickerson 
Missouri, St. Louis 
Harris-Hanson 
New Jersey, Roseland 
Gawler-Knoop Co. 
Washington, Seattle 


New York, Rochester 
Ed. Ossmann 


North Carolina, High Point 
Bivins & Caldwell 


Texas, Dallas 
John A. Green Co 


Ron Merritt 
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GOOD 


Let your drawing board provide the 
convincing answer in a practical test of 
Holliston’s Pel-X and Micro-Weave Tracing 
Cloths 


Why not turn to your advantage a 

quality of tracing cloth that not only 

m equals all others in normal workability 

: ^w but in many particulars is definitely 
-X "better." 


WATER REPELLENT 


> 


“cing xo The ultimate test is your own drawing 
board. You can prove to yourself, as 
A N have so many draftsmen all over the 
Micro Weave | country, that Holliston MICRO-WEAVE 
(ws «em / in white or blue for ink or pencil— 
Ne oe oe Ý and Holliston PEL-X—water repellent 
finish— are rated as the "BEST." 


"0M M N 
Ph, 


Write for generous samples—today! 


THE HOLLISTON MILLS, INC. 


NORWOOD, MASS. 
NEW YORK.* PHILADELPHIA e CHICAGO 


Micro Weave and Pel-X are backed by Holliston’s 50 years of C CIEI iS 
and experience in developing special cloths for industry. 








Describes new methods of optical gag- 
ing to cut inspection and tool-room 
costs. Illustrates the uses of special 
fixtures and charts to inspect to close 
tolerances large parts, complex shapes, 
and blend holes and recesses using 
contour projection. Schematic drawings 
show how instruments operate. 


(M-27) LEVEL CONTROL—Field- 
en Instrument Div. Bulletin F-101, 8 
pp. An electronic level control with 
no moving parts or diaphragms is de- 
scribed, listing the applications and the 
various types of electrodes available 
Has complete specifications and instal- 
lation data 


(M-28) SIGNALING TEMPERA- 
TURE CONTROLS— Thermo Electric 
Co., Inc., Booklet 55, 8 pp. Gives the 
advantages of electronic control sys- 
tems with resistant bulbs, and discusses 
accuracy, responsiveness and sensitivity, 
operation information, and mainte- 
nance. The wiring diagram explains 
the operating principles, and a sche- 
matic diagram shows duplex control 
of heating and cooling temperatures 
Illustrations show different types of 
bulbs 


(M-29) TEMPERATURE REGULA 
TORS—Farris Stacon Corp., Bulletin 
ST162, 8 pp. Illustrations, cross-sec- 
tional views and complete specifications 
and data on a line of self-operating 
temperature regulators. Also informa- 
tion on how to select regulators for: 
steam; gases; liquids; and vapors. 


(M-30) MEASURING FLATNESS 

Crane Packing Co., Bulletin L-404, 
6 pp. In color, it illustrates and de 
scribes the measuring of surface flat 
ness through light band reading. Inter- 
pretation of these readings is explained 
in detail. Also has particulars on a line 
of precision measuring and lapping 
equipment 


(M-31) DIRECT WRITING RE- 
CORDING SYSTEMS—Sanborn Co., 
Brooklyn, 6 pp. Includes a chart of 
the various phenomena that can be 
recorded with direct writing recorders, 
together with transducer data and ex- 
amples. Also has complete performance 
data and specifications. Has illustra- 
tions and wire diagrams of one, two, 
and four channel systems 


(M-32) DESK CALCULATOR 


| Pangborn Corp. Folder, 6 pp. Presents 


in easy to use form formulas, constants, 
and conversion factors useful in basic 
engineering, blast cleaning, and dust 
control calculations. Included are geo 
metric relationships for circles, squares, 
cylinders, spheres, pyramids, measures 
of pressure, and guides for determin 
ing tank capacities. 
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HERE'S HELP 





for your engineer-recruitment problem 


Engineers’ Joint Council and The Advertising 
Council offer free, expert help to advertisers 
promoting engineering as a career. 


The booklet reproduced here was prepared by The Adver- 
tising Council in cooperation with the Engineers’ Joint 
Council to help you make your advertising work most 
effectively in recruiting engineers for the future. 

1. It tells you what the problem is and the impor- 
tant part you can play in solving it. 

2. It outlines the advantages of an engineering ca- 
reer to help your company develop advertising 
appeals. 

3. It informs you as to the current activities of in- 
dustry in the education and recruitment of en- 
gineers. 

4. It offers specific suggestions as to what you can 
do (from present manpower ) 

5. It provides material that you can use in your 
own local and national programs. 

Many advertisers are using this booklet today. They say 
that it helps in orienting their engineer-recruitment ad- 
vertising to industry-wide recruitment programs. 
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Send for this Free campaign guide 
Prepared by 
THE ADVERTISING COUNCIL 


for the 
ENGINEERS’ JOINT COUNCIL 





The Advertising Council, Inc. 
25 West 45 Street 
New York 36, New York 


Gentlemen: Please send me a free copy of | 
How vour company can help promote engineering 
as a career.” | 
J 


NAME: 

POSITION OR TITLE: 
COMPANY: 
ADDRESS: 








NEW BOOKS 


Metals & Alloys 





Hydrometallurgy of Base Metals by 
G. D. Van Arsdale, Editor-in-Chief. 
Prepared with the assistance of the 
Dorr Company staff. 370 pages 6 x 
9 im. Published by McGraw-Hill 
Book Co., 330 W. 42 St., New York 
36, N. Y. $9.50. 


How to recover base metals by leach- 
ing is fully and practically shown in 
this book, with depend able facts from 
the wide experience of the editor and 
a group of specialists. With special 
reference to copper, it gives much 
helpful technical and economic infor- 
mation on the hydrametallurgy of cop- 
per, lead, zinc, antimony, cadmium, va- 
adian uranium and radium. Process 
and plants are also described, and 
operating data is included from the 
field. 


Analysis of Aluminum Alloys by G. 
H. Osborne and W. Stores. 144 pp., 
6 x 9 in. Published by the Chemical 
Publishing Co., Inc., 212 Fifth Ave., 
New York 10, N. Y. $3.50. 


Ihis is a survey of analytical meth- 
ods for determining the chemical com- 
position of aluminum alloys. Many of 
these are new, others are modified ver 


sions of known methods, and a few 
are established standards Methods 
range from those requiring modern 
physiochemical instruments, such as 


polar rograph and photometer, to those 

whi ch may be carried out with the 
normal equipment available in the gen- 
eral chemical laboratory. 


Fatigue and Fracture of Metals—A 
Symposium. Edited by William M. 
Murray, 314 pp, 6 x 9 in. Published 
by the Technology Press, M. I. T. 
and John Wiley & Sons, Inc., 440 
Fourth Ave., New York 16, N. Y. 
$6. 


This book is a compilation of fou: 
teen papers on the subjects of fatigue 
and fracture of metals, presented in 
June 1950 at the Massachusetts Insti- 
tute of Technology. These papers were 
prepared by specialists in different 
fields of fatigue and fracture and cover 
the following general expe- 
rience with failure of metals; specific 
fields in which fatigue failure occurs 
the internal mechanisms probably in 


A42 


aspects 


volved in fatigue damage; the signifi- 
cance of various metallurgical phenom- 
ena to fatigue; the potential useful- 
ness of different research methods to 
disclose more about the mechanism it- 
self and ways of counteracting it in 
design; the direction of future re 
search as recommended by the con 
tributors of the papers. 


Metallurgical Engineering Volume 
I—Engineering Principles by Rein- 
hardt Schuhmann, Jr., Massachu- 
setts Institute of Technology, 7% 
x 10, 390 pp. Published by Addison- 
Wesley Press, Inc., Cambridge, 
Mass. $7.50. 


The first volume of a two-volume 
work deals with chemical metallurgy 
in terms of basic scientific and engi- 
neering principles. 

Three objectives in particular are 
sought in the book: first, to present 
the subject matter of metallurgical en- 
gineering organized according to the 
basic principles and unit processes 
rather than in accordance with metals 
treated; second, to integrate the im 
portant underlying science of physical 
chemistry with metallurgical engineer- 
ing; third, to place greater emphasis 
on analysis and quantitative solution of 
engineering problems, with lesser em- 
phasis on descriptive knowledge of 
current practices. 


Physical Chemistry of Metals by L. 
$. Darken and R. W. Gurry, Re- 
searcb Laboratory, U. S. Steel Corp., 
6 x 9 in. 535 pp. Publisbed by Mc- 
Graw-Hill Book Co., 330 W. 42nd 
St., New York 36, N. Y. $8.50. 


This book represents the fundamen- 
tal aspects of physical chemistry, and 
the metallurgy of related substances to 
metallurgists with a minimum know] 
edge of general physical chemistry, an | 
to chemists with a minimum know] 
edge of metals. 

The first section is devoted mainly 
to descriptions of the solid and liquid 
states of alloys and metals from the 
viewpoint of the chemist rather than 
that of the solid-state physicist. The 
second section, developed from first 
principles, deals with classical chemi- 
cal thermodynamics and the third law. 


Product 


Metallurgy For Engineers by John 
Wulff, Howard F. Taylor and Amos 
J. Shaler, Dept. of Metallurgy, 
Massachusetts Institute of Technol- 
ogy. 624 pp., 6 x 9 in. Published by 
John Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16, N. Y. $6.75. 


The first half of the book explains 
the concepts and E that under- 
lie metal processing from ingots to 
finished articles. The second half of 
the book deals with the processes them- 
selves. Throughout, the authors write 
from the engineering rather than the 
shop viewpoint. 

Only those principles are included 
that are required for understanding the 
processing of metals into useful articles 
by casting, welding, or working. 


ASTM Standards on Light Metals 
and Alloys. 205 pp. 6 x 9 im. Pub- 
lished by the American Society for 
Testing Materials, 1916 Race St., 
Philadelphia 3, Pa. $3. 


This special compilation of ASTM 
Standards on Light Metals and Al 
loys, gives the numerous specifications 
and tests issued through March 1953 
In addition to the recommended codi 
fication there are groups of specifica- 
tions for aluminum and aluminum bas 
ingots, castings, bars, rods, wire, forg- 
ings, pipe and tubes, sheet and plate 

There are seven general test meth- 
ods covering these light alloys, which 
include dielectric strength, weight of 
coating, measuring of thickness, ten- 
sion testing, and sampling. 


Metal Data by S. L. Hoyt, Technical 
Advisor, Battelle Memorial Insti- 
tute, 526 pp. 6 x 9 in. Published by 
Rbeinbold Publishing Co., 330 W. 
(2 $t., New York 36, N. Y. $10. 


This second edition, similar in form 
to its predecessor, not only includes 
the most recent information available, 
but offers a wealth of new data on such 
topics as hardenability of H-Steels, the 
recently developed Super Alloys fo: 
high-temperature stress members, and 
other new alloys. 

Ihe purpose of the book has been 
to select important data from reliable 
sources, and present them to metallur 
and engineers in a form usable 
for daily reference 


gists 
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Try Aluminum Honeycomb Sandwich Structures 
Designers’ Introduction to Zirconium 

How to Work Zirconium 

Heat Resistant Casting Alloys 

Checklist: Applications of Metals and Their Alloys 
How to Use and Fabricate Type 430 Stainless Steels 
New Ideas in Composite Metals 

Powdered Metals New Uses May Surprise You 
Paper Thin Metals— Availability Stimulates Design 


Deve lopments to Watch 


SECTION B—METALS AND ALLOYS 
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g METALS AND ALLOYS 


Try Aluminum Honeycomb 
andwich Structures... 


... when light weight, high strength, and high rigidity are required in panel con- 


structions. Developed several years ago by The Glenn L. Martin Company and 


now in quantity production for aircraft and guided missile applications, alu- 


minum honeycomb—aluminum facing sandwiches possess advantages that make 


them adaptable in many other fields. Here are construction and property data. 


COMPARED to fabric core honeycomb 
structures, aluminum foil has several 
advantages. Its high specific strength 
values in shear and compression, ex- 
tremely high shearing modulus, re- 
sistance to and fungus 
growth, high strength under various 
operational conditions such as extremes 
in temperature and humidity, and its 
availability in a range of densities make 
it adaptable to efficient design for many 
applications. 

Except in some constructions such as 
specialized low density cores, its com 


corrosion 


pressive strength is higher than either 
foamed plastic structures or fabric core 
honeycomb, and its uniformity can be 
more rigidly controlled than most 
foams. In addition, reinforcements can 
be added in the form of strips through 
the center of the core to improve 
strength in localized sections 

A structural aluminum sandwich 
onsists of two high strength thin fac 





ing sheets separated by a low density 
aluminum foil core. The core and 
facing are bonded with heat and pres- 
sure into an integral panel using a 
thermosetting synthetic resin adhesive, 
preferably of the dry film type. 

The core can be obtained with l4, 
and ¥% in. hexagon cells, and experi- 
mentally, with 14, 5g, and 3 in. cells 
The greater the cell density, of course, 
the higher the strength; conversely, the 
lower the density, the more economical 
is the construction. With the larger 
cell sizes, the bond strength suffers 
somewhat but, using a dry film ad- 
hesive, is sufficiently strong for many 
of the aircraft applications such as 
panels and nonloaded bulkheads 

Foil is fabricated of 3-S aluminum 
in the H-18 or H-19 condition and 
must meet minimum strength require 
ments of 19,000 psi. Thicknesses range 
from 0.001 to 0.006 in. + 10 percent; 
with heavier gages, there is some danger 


of springback and nonuniform bond- 
ing when the foil is formed. 

Aluminum—either 24S-T3 or 75S- 
T6—is preferred for facing material 
because of its high strength and light 
weight. The thickness varies from 0.012 
to 0.125 in., although light gages 
(0.016, 0.020, 0.025, and 0.032 in.) 
are more common in aircraft applica 
tions. The heavier gage frequently is 
used on the compression side of panels 
with high bending moments. Floor 
panels in all cases should have heavier 
gage facings on the walking side, with 
a minimum sheet thickness of 0.020 in 
for covered or light panels and from 
0.032 to 0.064 in. for heavy service 
conditions on exposed surfaces. Bottom 
facings are 0.016 in. for average servic 
conditions. 

Magnesium facing is not as durable 
as aluminum facing and will not ab 
sorb concentrated load shocks as well 
It is not recommended for flooring as 
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Fig 1—Effect of core density on crushing strength (A) and shear strength (B) of aluminum honeycomb 
cores. Curves are minimum requirements as specified in Aireraft Industries Asse Report ARTC-5. 
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Foil 
Thickness, 
in Lb cu. ft 











0.002 
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it is easily damaged, but it may be used 
for partitions and panels 
lightly loaded 

Plywood 
satisfactory 


which are 
facings are not generally 
but 
stainless steel has been used for such 
applications, and 


for stressed panels, 


also for facings on 
propellar blades. In only rare instances 


would facings other than metal be 
used with aluminum cores, since the 
function of the facing is to provide 
stiffness, stability, configuration and 
strength to the sandwich, and in some 
cases, surface smoothness or abrasion 
resistance. However, phenolic cloth 
laminates or glass fiber laminates are 
satisfactory with aluminum honeycomb 
wherever a non-metallic surface is re 
quired for abrasion resistance or ele 
trical insulation. In any case, since the 
streneth of the structure depends con 
siderably on the face, these facing 
sheets must be free from wrinkles, 
dents and other surface defects to pre 
vent premature failure 

The ratio of core to panel thickness 
varies with functional requirements 
Where rigidity is of primary importance 


the ratio of thickness of core to thick- 
ness of panel is generally about 0.95 
Panels that carry bending stresses " 
marily, such can be de 
compression or top side 


of a heavier gage than the 


as floor panels 
] with the 


tension Or 


bottom side. This ratio of top to bot 
tom facing shonld not exceed 2 to 1 
Facings of different materials should 


not be ade on à 


recie panel that 
bonded with heat, the different 
rates of thermal expansion will cause 


the panel to warp upon cooling 


Properties of Panels 


Mechanical properties of aluminum 
honeycomb structures are governed by 
several variables: gage of the foil, cell 
size, and gage and type of facing ma 
terial, among others. However, since 
strength varies directly with core den 


B4 


Nominal Core Density * 


Lb. cu 


* Due to variations encountered during manufacturing, weight may vary by 





Table 1—Nominal Densities and Properties of Aluminum Honeycomb Cores 


Shear Strength, psi 


in Crushing *. | 3 
"— Parallel Perpendicular Parallel Perpendicular 
pt to Core to Core to Core 


2.9 0.00172 Curves for these values are repro- 24,000 9,500 
0.003 4.18 0.00242 duced below. Values are minimum 35,000 15,000 
0.004 5.36 0.00310 not recommended design values 95,000 25,000 
0.005 6.54 0.00378 and while proposed, have not yet 70,000 23,000 
0.006 7.74 0.00448 been accepted as industry standards. 93,000 23,000 





sity, this factor is used in preliminary 
calculations aimed at establishing core 
specifications. From Table I, nominal 
core density can be obtained for various 
thicknesses of foil. These can be re- 
lated to properties as shown in the 
table and in Fig. 1, as well. 

As will be noted from the curves, 
the core has directional properties. Both 


the shear strength and  shearing 
modulus are higher—approximately 1.8 


times—with the core direction parallel 
to the panel than across it. This results 
in lower shear deflection and higher 
strength, the opposite of which would 
à: ail with the core direction perpen- 
icular to the span 
Higher compressive strengths can be 
obtained by densifying the core or by 
ll reinforcement. The first method, 
which is used at the edge of 
panels to resist edge damage, consists 
of crushing the cells into a compact, 
solid mass 


often 


The second method consists of run- 
ning a reinforcing strip through the 
center of the core, Fig 2. By this means, 
an increase of about 100 percent in 
compressive strength is obtained par- 
illel to the cell axis. An irregular pat- 
tern is often specified for such rein- 
forcements in order to obtain a better 
listribution of applied stress. The rein- 
forcement is a strip of foil of a heavier 


gage or the same gage as the core, and 
is made of the same material. Most 


prevalent use of this type of reinforce- 
ment in aircraft is in floor panels where 
they pass over supports, or in the lead- 
ng edge section of a wing where the 
nolding pressure would not be parallel 
to the cell axis and thus tend to crush 
the core from the side unless it were 

ifically reinforced to prevent such 
n irrence 


Design Considerations 


Panels can be bonded of single or 
with 


double curvature formed alu- 


Mechanical Properties 


+6.0 percent 
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Modulus of Rigidity, psi 


to Core 









minum foil cores of constant or tapered 
thickness. The facings are pre-formed 
to contour and the core formed by 
hand to the contour of the facings. The 
panel is then bonded. Examples of this 
type panel are wing covers and blankets, 
stabilizers and fin blankets, leading 
edge assemblies, and various types of 
fuselage panel. 

Panels of any desired length or width 
can be made by splicing the core. When 
the splice is perpendicular to the core 
direction, one method is to nestle the 
crests of one slice of the core into the 
valleys of another. Longitudinal joints 
are made by interlocking the edges of 
core sections. Each lamination must be 
overlapped to provide core continuity, 
but the location and nature of core 
splices usually need not be indicated on 

drawing unless they are structurally 
critical. If critical, they should be out- 
lined and a note added so that ample 
strength is provided throughout the af- 
fected area. 

In attaching sandwich panels to the 
framework of aircraft or to similar 
parts, facilities must be provided for 
transferring the stresses concentrated 
at these attachments. In most structural 


applications, local reinforcements are 
incorporated during fabrication. On 
lightly stressed parts. however, sub- 


sequently inserted reinforcements are 
satisfactory 


Ed gings—Panel edging is used between 
the panel faces for appearance, protec- 
tion of the core from moisture and 
foreign matter, protection during han- 
dling, and to provide a means of in- 
stallation. When edge reinforcements 
extend all around the panel, they 
should be provided with vent holes for 
the escape of gases during bonding. 
These vents should later be filled with 
plastic wood or sealing compound EC 
801, made by Minnesota Mining and 
Manufacturing Company. This same 
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sealing compound is used when no edge 
reinforcement is necessary or when the 
core is densified around the edges. 
Aluminum edgings in the form of 
bent-up channels, extrusions, or solid 
bars, Table II, are the most satisfactory 
for aluminum faced panels. Wood is 
somewhat less satisfactory than metal 
because of its different expansion rates 
under heat. After bonding, a stress is 
set-up in the metal facing due to the 
inability of the wood to contract upon 
cooling. This sometimes causes buck- 
ling or wrinkling in panels having long 
and/or discontinuous edging. The 
wood that produces the least stress is 






Undesirable 
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Core direction 


LIN 





end-grain mahogany. Plywood, with 
plies normal to the metal facings, is 
also satisfactory; poplar plywood is 
preferred because it is lighter and 
cheaper than the mahogany type. 

Flat panels with contoured edgings 
present special problems when plywood 
is used with the plies perpendicular to 
the facing. It is possible that on long, 
narrow edgings with a large amount of 
contour, the plies will eventually line 
up across the width of the edging in- 
stead of lengthwise. This gives rise to 
excessive breakage of edging strips 
during fabrication of the panel. There- 
fore, on long contoured edgings, it is 
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advisable to make them up of several 
pieces, none of which has an angle 
greater than 30 deg between the plies 
and a tangent to the contour. On draw- 
ings, a note, that all the wood edging 
in contact should be glued together in 
sub-assembly or notched and stapled 
together prior to bonding. 

Phenolic edging is heavier and more 
costly than wood. However its thermal 
expansion rate is closer to that of alu- 
minum and thus less stress is produced 
in the facings when bonded to metal 
High compressive strength makes it a 
satisfactory edging for attachment pur 
poses. 

The use of densified core for edgings 
increases the resistance of the panel to 
local crushing such as encountered in a 
floor panel over its supports. It is not 
satisfactory, however, for use in making 
attachments unless washers or backing 
strips are provided to distribute high 
local crushing forces. The edging is 
either a separate piece of core densified 
and laid in the core blanket, or the core 
itself can be made oversize and densi- 
fied along its edge during fabrication 
Densified core which follows a contour 
or forms a ring around a hole must be 
a separate part. 

Formed edging thus can be made by 
crushing the edge of the sandwich 
panel or by forming one or both facing 
sheets along the edge of the panel. The 
advantage of the first method is that 


Table III— Tolerances for Sandwich Panels of 


ig 3—Recommended direction of cores for honeycomb panels. 
hear strength is approximately twice as high when loading is 
arallel to the cell axis, and even greater in the side direction. 











Aluminum Core 
i 
Type of Part | Tolerance, 
m ES | in. 
+0.010 
Nominal Core Thickness —0.000 
direction Wood +0.005 
Extrusions—Channels and Zees | 20.010 
| 20.000 
Drawn Tubing | —0.008 
Aluminum Bar, Phenolic Inerts, | +0.000 
Edgings | Molding Stops | —0.004 
and | +-0.000 
Inserts Bent-up Channel— Interior | 0.016 
+0.016 
Bent-up Channel—Exterior —0.000 
Bent-up Zee or Formed Facing +0.016 
+0.000 
GLM 21-5 Insert Length —0.010 
Overall 
Panel Press Molded Panels— +0.010 
Thickness 

Bag Molded Panels Max—Waviness 

in 3 ft. Equal to Facing Thickness +0.020 
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standard panels can be used, detail 
fabrication and special tooling is elim- 
inated, and a substantial reduction in 
cost is realized. On the other hand, 
panels with formed facings provide 
good resistance to damage by peeling; 
Type C, Table II, has a special advant- 
age in that it does not require the use 
of locating jigs during the bonding 
operation 
Inserts—Inserts may be in the form 
of strips or local reinforcements under 
individual bolt or rivet fittings. 

A standard metal insert used by Mar- 


tin, (Table II) is available either with 
a solid shank or drilled and counter- 
sunk; plain inserts may be drilled and 
tapped on assembly. Wood inserts may 
be of the same type as wood edgings. 
However, small solid end grain plugs 
of low density woods—such as poplar 
or spruce—can be used. Small inserts 
of plywood (10 sq. in. or less) may be 
set in with plies parallel to the facings 
since relatively short length prevents 
an excessive build-up of facing stresses 
during cooling. Inserts of mahogany 
having the grain of the wood parellel to 
the panel faces may be used if the in- 


sert does not exceed approximately 10 
in. across the grain and 5 in. with the 
grain. 

In view of their high compressive 
strength, phenolic laminates are also 
satisfactory as inserts for bolted and 
riveted attachments. Laminates should 
be placed parallel to the facings, and 
the material should be specified as 
laminated phenolic sheet, Grade C, 
Type FBM in military specification 
MIL-P-15035. 

Metal and phenolic inserts provide 
the best resistance to crushing when 
used with bolted attachments. Careful 


Table I—Design Details for Aluminum Honeycomb Structures 
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analysis of loads should be made for 
bolting through wood inserts. 

Due to methods of upsetting their 
heads which cause local crushing action, 
regular and Cherry Blind Rivets can- 
not be used to rivet through a panel 
unless a solid metal or phenolic piven 
is present. Riveting through wood edg- 
ing is marginal and requires care for 
satisfactory results. Through explosive 
type rivets can be used with honeycomb 
cores. Cherry type rivets can be used 
where densified core is present and 
facings are relatively heavy, i.e., 0.040 
to 0.064 inch. Blind rivets also can be 
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-Explosive or cherry type 
rivet can be used here 


9 using b nd expios vets Explosion 


ge the honeyco 


used to rivet through one facing. Ex- 
plosive types are satisfactory when rivet- 
ing a facing sheet to a channel or tube 
edging, or as noted above, for riveting 
through the entire panel; they should 
not be used, however, for riveting 
through a facing sheet into a core, as 
the explosive charge will damage and 
weaken the honeycomb. 


Doublers—Doublers are used for de- 
veloping the strength of the panel at 
the attachments and also to increase 
panel strength locally. 

Spotwelded doublers should be on 


RIVETED JOINTS 


River. 


Me 


VANN 
AA VAN 
Edging- Eep 


UI 
| 









SS 


Ni SS 
NIN 


eel 


Recommended 
straight top face 


Undesira 











ce plate 


rivet 


vet should not be used 


mb core 


DOUBLER PLATES 


- Facing unsupported 


- E.e n this oreo 





`= Spot weld 
Undesirable 


ot welded doubler for edging the facings 


Annual Handbook 





= 
Doubler 


R METALS AND ALLOYS 


the outside of the sandwich panel. With 
the spotwelded doubler on the inside, 
a portion of unsupported panel facing 
between the doubler edge and first row 
of spotwelds results, causing local 
failures in the facings. 

Where a flush panel surface is neces- 
sary, a bonded type doubler must be 
used between the facing and core. 

These and other construction details 
are illustrated in the sketches below 
Note also the reinforcement details 
around riveted joints; use of an outside 
doubler in this instance simplifies as- 
sembly to a considerable degree 
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Zirconium is a transition element 
whose atomic structure is characterized 
by an incomplete inner shell of elec 
trons. That makes the element exceed- 
ingly active chemically, and complicates 
' gts properties Both 


nechanical properties dc 


any discussion of 


physical and 1 


pend to a large degree on the per 
ge and type of impurities that 
n after refining or are permitted 
Most discrepancies in the published 
data are caused by failure to report 
. | 
oxygen and nitrogen analyses of the 
metal. Its hardness and strength in- 
reas th « gen content nd this is 
Thi wa 4 pre arti r ? fu 
p d é ar t imerican 
5 (era 1 Meta! P ^" 
I and Stephens, W. W., "The 


Designers’ Introduction 


to Zirconium 


reflected in the properties of zirconium 
produced by different methods (Table 
I). For example, iodide zirconium has 
strength, calcium-reduced 
zirconium the highest, and Kroll proc- 
ess zirconium shows intermediate char- 
acteristics 

Variations in values for modulus of 
elasticity between the annealed and 
hard drawn metal probably are attribut- 
able to difficulties in obtaining precise 

ilues, rather than being a unique char- 
acteristic of the metal. Scattered values 
of Charpy impact strength have not 
been fully explained — random values 
above 50 ft-lb. have been reported. Zir- 
conium, like most nonferrous metals, 
does not show brittle fractures at low 
temperature. 

Hydrogen, in amounts greater than 
10 ppm., is responsible for the fact 
that metal heated above 600 F. and 
slowly cooled shows unusually low V- 


the lowest 


First available information describing the physical and mechanical properties 


of this titanium-like metal. Alloying tendencies and applications. 


notch Charpy impact values when 
tested from 32 to 400 Fahrenheit. 

In addition, studies have shown that 
oxygen in hydrogen-free zirconium 
(Table IIT) improves strength, electri- 
cal resistivity and hardness. 


Physical Properties 


Zirconium solidifies in the body- 
centered cubic system at 3,325 F and 
undergoes an allotropic transformation 
to the hexagonal close-packed struc- 
ture at 1,585 F. The latter is the stable 
form at room temperature. Since the 
physical properties of zirconium are 
profoundly influenced by minute 
amounts oft gaseous impurities, most 
of the data in Table II are only for 
high-purity iodide type of zirconium 


Corrosion Resistance 


In various mediums zirconium sur- 


passes stainless steel and resembles 


Table I—Mechanical Properties of Commercial Zirconium 














Ultimate tensile strength, psi... 
Proof stress, 0.2 percent offset, psi 
Proportional limit, 0.01 offset, psi 
Elongation, percent............. 
Modulus of elasticity... . 
Hardness, Rp .... 


Bs 


Charpy impact resistance, ft-lb......... 


* Oxygen 0.11 percent, nitrogen 0.01 percent. 


Kroll Process* 


Iodide Process t 





Hard Drawn 








50% Cold Worked Annealed 1,300 F Annealed 1,400 F 
82,600 49,000 83,300 35,900 
75,400 29,200 69,700 15,900 
41,800 16,900 32,100 8.350 

po cC S ks dv EXER EE de 18 31 
12,800,000 | 13,700,000 14,500,000 — | 11,350,000 
95 | 83 87.4 | 30.0 
14.8 | 1.5 to 3.5 2.5 to 6.0 


f Oxygen 0.04 to 0.06 percent. 
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tantalum in its resistance to corrosion 

It resists attack by alkalis excellent 
ly. It is completely resistant to hydrox 
ide solutions in all concentrations up 
to their boiling points; even fused 
caustic has no effect 

In acid solutions, the corrosion re- 
sistance is not so sharply defined. Zir- 
conium shows excellent resistance at 
all temperatures in sulfuric acid so- 
lutions up to 80 percent concentration 
by weight. Above this point, there is a 
sharp increase in the rate of corrosion 

Corrosion by nitric acid solutions is 
negligible for all concentrations and 
for temperatures at 212 F. But in com- 
bination with other acids, nitric acid 
attacks the metal. For inst: ince, the ad 
dition of a small amount of sulp shuric 
acid will cause rapid attack of the met 
al. Also aqua regia (nitric and hydro- 
chloric acids) attacks zirconium 

Hydrochloric acid in concentrations 
from 0 to 20 percent by weight and 
at temperatures up to 212 F. does not 
attack zirconium. The metal is also 
fully resistant to all concentrations of 
phosphoric acid up to 140 F, and up 
to 60 percent concentration by weight 
it 212 Fahrenheit 

Zirconium fully resists attack by met 
al chloride solutions with the excep 
tion of ferric and cupric chloride. In 
the latter it suffers an embrittlement 
type of attack which, in the most se- 
vere form, — disintegrates the 
metal into a fine powder 

Other solutions in which zirconium 
is not corrosion resistant include water 
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Zirconium crystal bars produced by the iodide process are highly resistant to corrosion. Because of ins -neutron aliio 
tion coefficient, this metal is getting considerable attention in connection with the atomic energy program. 


Table II—Physical Properties of Zirconium 


Thermal properties 


Melting point, c. 
Allotropic transformation temperature, C 
Specific heat, zero to 100 C 





Coefficient of thermal expansion, 20 to 200 c. 





Electrical properties 
(1) Resistivity: iodide bar 


Kroll bar . 
(2) Temperature coefficient of resistivity: 
iodide bar. . 
Hexagonal 
Lattice constants Close Packed 
a 3.228 A 
c 5.120 A 
c/a 1.59 
Interatomic distances 
di 3.16 A 
d2 3.22 A 





863 +3 
0.068 cal. per g 
5.4 x 10-* per deg C. 








A 1830 + 40 
i 
| 
| 


39 x '10-* ohm-cm. 
I 48 x 10-* ohm-cm. 


| 0.0044 per deg C. 


Body-Centered 
Cubic 


3.61 A 


3.12 A 





Table III—Influence of Oxygen on Hydrogen-Free Zirconium 











Atoms Elongation 

percent Ultimate | 0.2 percent percent Hardness Electrical 

Oxygen Strength Yield in 1 In. A-Scale | Resistivity* 
Nil | 29,000 | 7,000 32 20 39.0 
0.5 39,000 26,000 16 36 42.5 
1.0 50,000 34,000 7 46 46.5 
1.5 59,000 42,000 5 52 50.0 
2.0 70,000 49,000 d 57 54.0 
2.5 81,000 56,000 3 60 57.5 


* In ohm-cm. x 10* 
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From Results by R. M. Treco 
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Fig. 1—Charpy impact strength of zirconium-tin 


(1.5 percent) alloy compared to that of SAE 
3130 Steel (in color). Note effect of hydrogen. 


Fig. 2—Short-time tensile-strength of 
pared to that of titanium and SAE 1015 
High temperatures have a greater effect than on steel. 


ed with chlorine, and red fum 
tric acid. In white 
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tair 

The resistance of zirconium to cor 

rosion by various hot gases is generally 

very poor, since the metal is high in 

the chemical y table. The pro 

tective oxide film, that accounts for the 

corrosion resistance toward most solu 

absent at higher temperatures 

The oxide iS rapidly dissolved by the 

netal at 1,500 F, and an active 

ce is continually exposed. Pieces 

um may safely be heated in 

375 F for hot worki ig, and 

resulting surface oxides 
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moved 
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can be re- 
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in hydrofluoric acid. Thin sections must 
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either heating in a vacuum or in an 
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Zirconium 
es. Hydrogen is 
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reabsorbed. This has been 


Neutron Absorption 

Published figures for neutron ab 
sorption exclude all but four metals— 
beryllium, magnesium, aluminum, and 
zirconium—from the high-flux zone in 
thermal reactors. Beryllium is by far 
the best of the four in regard to neu- 
tron economy (a term that describes the 
extent metal permits neutrons to cause 
fission in a nuclear pile. In this ap- 
plication structural metal should have 
a low absorption.) However, it is dif- 
ficult to fabricate in other than simple 
Even if it could be worked 
easily, nature has placed a strict limi 
on man’s use of beryllium by 
scattering it so widely that there is not 
enough to satisfy the demands 

Magnesium, while inexhaustible in 
supply, is ruled out because of its poor 
heat resistance at nominal temperatures 
Aluminum is still used in the plu 
tonium piles at Hanford, Wash. How 
ever, when the temperature is raised 
substantially, there are corrosion prob 
lems that are difficult to alleviate or 
overcome in the applications to which 
| rial is put 

Therefore 
standing metal with low 


shapes 


tation 
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neutron ab 
sorption for high-temperature applica 

nuclear Its thermal 
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possesses no advantages—in fact, it has 
a higher absorption coefficient than or 
dinary steels 
Alloying Tendencies 

Zirconium, although a relatively re- 
fractory metal, melting at about 3,350 
F possesses comparatively poor tensile 
strength and creep resistance above 750 
F. Since this temperature is within 
the recrystallization range, the only way 
to improve its creep resistance is by 
alloying 

Because zirconium is in the 
chemical family at titanium, it was 
thought that alloying might produce 
new super alloys. To date, 12 alloy 
systems—including nickel, manganese, 
tin, silicon, iron, chromium, titanium, 
copper, molybdenum, tungsten and 
aluminum—are under study. But it 
seems that no vast improvements, such 
as those found in titanium metallurgy, 
will be forthcoming 


Same 


Most of the zirconium alloy systems 
studied show limited solubility of the 
alloying element in beta zirconium and 
negligible solubility in the low-temper- 
ature alpha phase. The beta solution 
decomposes eutectoidally on cooling to 
give alpha zirconium and an inter 
mediate phase. Table V lists the sali 
ent features for seven of these alloy 
systems 

The approximate eutectoid composi 
tions and temperatures of five titanium 
alloy systems are presented in Table VI 
for comparison purposes 

Solubility of the alloying elements of 
Table V in titanium is three to eight 
times their solubility in zirconium 
Beta titanium, or mixed beta-plus-alpha 
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structures, can be retained in all these 
titanium systems, but there are prac- 
tically no reports of retained beta in 
similar zirconium alloy systems 

This lower solubility is the basis for 
belief that workable zirconium alloys 
having ultimate tensile strengths over 
100,000 psi will not be common. An 
exception may come in the tantalum 
system where the beta solubility is 
much higher; tensile strengths of 150, 
000 psi have been reported 

Aluminum and tin show appreciable 
solubility in alpha zirconium—about 
31/, percent and 9 percent respectively 
Apparently this limit could not be ap- 
proached in commercial Zn-Al alloys 
because of difficulty in fabricating com- 
mon shapes Moderate percentages of 
tin, while not importing phenomenal 
tensile strength, will markedly raise 
the yield strength without excessive 
loss in ductility. 

Zirconium-titanium alloys are unique 
in that they form completely isomor- 
phous solutions of both alpha and beta 
forms with the transformation point 
depressed to about 1,000 F. Graphite 
melted alloys of this composition have 
a tensile strength above 150,000 psi 
with a rather low elongation. 


There are two other properties of 


zirconium that have aroused interest 
low temperature embrittlement and 
high temperature tensile strength 


Low-Temperature Embrittlement 


The early history of zirconium 
showed that it had relatively low 


energy-absorbing capacity in the 


notched-bar impact test. It was re- 
garded as a typical hexagonal metal 
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lodide Zirconium, Arc melted 
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4.8 percent tin 


Eb 
PERS 


with inherently low impact strength at 
room temperature—that is, less than 
20 ft-lb. The impact energy increases 
with temperature, reaching values of 
80 ft-lb. or more above 400 F. The 
shape of the curve of impact energy 
versus temperature resembles the transi- 
tion curve of steels as can be seen 
in Fig. 1 on preceding page. 

Recently, it has been found that upon 
annealing at 1,475 F in a vacuum of 
less than 0.1 micron, the room-tempera- 
ture impact energy could be as high as 

70 ft-lb. Analysis showed that hydrogen 
was removed from the metal, and the 
term “hydrogen embrittlement” takes 
on a new meaning when applied to 
zirconium. Hydrogen affects titanium 
in the same way and that embrittle- 
ing effect can also be removed by high- 
temperature vacuum treatment. 

The effects of various amounts of 
hydrogen on the impact strengths of 
a 98.5 Zr, 1.5 Sn alloy are also shown 
in Fig. 1. The transition from tough to 
brittle behavior is verified by measure 
ments of the reduction in width di- 
rectly below the notch. 

In steels, this transition is normally 
associated with the interstitial elements 
such as carbon and nitrogen, or with 
hydrogen embrittlement resulting from 
pickling or electroplating, and these 
atoms are in solution and not present 
necessarily as precipitates 

In zirconium, the low impact 
strength has been primarily associated 
with the appearance of hydride needles 
When the needles are absent, as after 
quenching from above 600 F, the ma 
terial usually is found to be tough. Ex 
ceptions occur when the hydrogen con- 
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Table 1V—Yield and Tensile Strength at 930 F. 
















Yield, psi (Ultimate, psi 


Zirconium (unalloyed) 8,800 14,300 






2.0 percent aluminum 32,000 46,000 
1.3 percent molybdenum 49,000 74,000 
2.2 percent columbium 35,000 43,000 
6.4 percent tantalum 27,000 34,500 
10.4 percent titanium 41,000 58,000 


24,000 32,000 


Titanium 
RC-70 (commercial titanium). 29,000 40,000 
Alloy RC-130A 38,000 72,000 
Alloy Ti-150A 40,000 55,000 
1600 MST, 3 A1—50 Cr 70,000 100,000 

7 Steel 

an- 1015 20,000 33,000 
titanium aoe SAE Type 316 stainless 25,000 72,000 





tent is relatively high—say, more than 
100 parts per million 

Although the causes of the embrittle 
ment in zirconium and iron apparently 
are not the same, the relative effects of 
a notch and strain rate upon the two 
metals are similar. It is accepted that 
it is the notch which raises the effective 
yield stress in iron to the fracture-stress 
level and caused the brittle behavior 
Strain rate has only a relatively minor 
effect in shifting the transition curve 
along the temperature axis 

In zirconium, although it is thought 
to be somewhat more sentitive to strain 
rate than iron, essentially the same ef 
fects are noticed. Tensile-impact tests 
on unnotched sheet of normally em 
brittled material show the material to 
be tough at —300 F. Specimens notched 
with a jeweler's saw had reduced tough- 
ness at this temperature, but did not 
show a completely brittle behavior. On 
the other hand, impact-bend tests on 
the same material, using V-notch 
Charpy specimens, showed completely 
brittle behavior when tested at room 
temperature. 


Effect of Temperature on 
Tensile Properties 


Elevated temperatures are more ef 
fective in decreasing the tensile 
strength of zirconium (both iodine and 
sponge) than that of low-carbon steel 
and titanium, Fig Composition 
differences probably are responsible for 
the spread between zirconium and ti 
tanium, and it is probable that minor 
impurities raise the strength of titani- 
um more than zirconium 

For example, the tensile strength of 








Table V—Zirconium Alloy Systems of the Fe-Fe; C Type 


Maximum Solubility —— First 


Intermediate 
Eutectic | Phase 


——([L] — 


16.0 ZrFes 
17.0 Zr2Ni 
22.5 Zr2Mn3 
18.0 ZrCr2 
31.0 ZrMoO2 
18.0 ZrW2 


Temperatures, C Compösition, pareat 


Eutectic 


934.00 
961.00 
11.50 
1380.00 
1520.00 
1650.00 
995.00 


In Alpha | In Beta Eutectoid 


Eutectoid | 
800 | 
808 | 
795 
805 
780 
850 
822 


5.5 
1.9 
6.5 


2.5 
1.3 
3.0 
1.7 
7.5 
0.5 
1.6 


| 

— pim = " n 
| 
| 


21.0 


annealed iodide titanium sheet, which 
averages about 32,000 psi, is similar 
to that of 
sheet, 


annealed iodide zirconium 
which ranges from 28,000 to 
10,000 psi. When impurities are added 
to these two rather pure base metals, 
the strength levels are raised. Magnes 
ium-reduced titanium has approximate 
ly the same impurity level as 

zirconium, but it is apparently much 
stronger 


sponge 


The effects of temperature on th: 
hardness of zirconium, titanium, and 
SAE 1020 steel are shown in Fig. 3 
Differences in melting practice produc 
marked changes in the hardness (and 
similarly strength) of zirconium. Melt 
ing iodide zirconium in a graphite 
crucible, which introduces carbon, in 
creases the Brinell hardness at room 
temperature by 50 percent over that of 
This ef 


increasing 


arc-melted iodide zirconium 
fect decreases rapidly 
nperature 
+} 


with 
is the hardening influence 
ie. carbide Th« 


mild steel is included to 


phase IS reduc ed 


for th« 
same effect noted previously 

is an approximate proportion 
between the hardness and tensili 
- zirconium, valid both at 
evated temperatures. The 
ind pyramid hardness number in 

kg per sq mm multiplied by 330 is a 


rood indicat on of the tensile 


rength 


n psi iual to 


t 
This multiplier 


is not ¢ 


the proportionality constants for tita- 


nium and steels, and this is a prime rea- 


Table VI—Five Titanium Systems 


Eutectoid Eutectoid 
Composition Temperature 
percent deg C 


son why alloys of various base metals 
should not be compared on the basis 
of hardness numbers. 

A comparison of the effects of bin- 
ary additions on  induction-melted 
iodide zirconium alloys is shown in 
Table V. Zirconium with 1.3 percent 
molybdenum alloy has very good tensile 
properties at room temperature - a 
yield strength over 100,000 psi, a ten- 
sile strength over 120,000 psi, with 8 
percent elongation. All the zirconium 
alloys listed here were tested on sheet 
after annealing at 1,300 Fahrenheit. 

It is apparent that relatively small 
additions of a second metal to zircon- 
ium produce some changes. The stress 
to cause rupture in 100 hr at 930 F 
(500 C) for the 4.8 percent Sn alloy, 
one of the few tested, was 25,000 psi 
This is comparable to the 100 hr rup- 
ture stress of 20,000 psi for Ti-150A 


Zr9Cu 


Atomic energy applications that 
spurred development and research in 
zirconium have taken first priority on 
the metal. But laboratory men see other 
possibilities when it becomes more 
available. 

One important potential use x sce 
to be in the heavy chemical industry, 
where its excellent corrosion resistance 
to a wide variety of acids, especially 
hydrochloric, and to strong bases 
makes zirconium particularly promis- 
ing. 

Also resistance to corrosion by acids 
and bases makes zirconium a good sub- 
stitute for titanium in orthopedic 
surgery. No known compound of zir 
conium has a toxic effect on the body; 
bone and tissues will adhere to it; and 
its mechanical strength, wear resistance 
and low density adapt it to other spe- 
cial surgical requirements 


Table ViIl—Short-Time Tensile Properties of Zirconium at Elevated 
Temperatures in Various Atmospheres 


Material Atmosphere 


Temperature 


C 


Iodide, extruded Air 


Iodide, extruded Argon 


Iodide, extruded Argon 


Iodide crystal Helium 


Nitrogen 


Helium 
Nitrogen 


Iodide, extruded Argon 


Iodide crystal Helium 


Nitrogen 
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Testing 


Ultimate 


Elongation Tensile 


Reduction 
In Area 


percent psi 


percent Strength, 
65,000 
40,000 
28,500 


24,000 
15,000 


10,000 
7,000 


8,000 


6,600 
500 
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ow to Work Zirconium 


Characteristics of base metal, including sponge and crystal bars. 


Methods of melting. Ways of getting the ingots into mill shapes. 


Details of both hot and cold working, drawing and machining. 


R. B. GORDON 
and 


W. J. HURFORD 


Westinghouse Electric Company 


ONE OF THE MOST CRITICAL MATE- 
RIALS associated with the atomic energy 
program is zirconium. It possesses three 
of the properties required of materials 
that are used for certain applications 
in nuclear reactors: relatively good 
strength characteristics, good corrosion 
resistance, and low neutron absorbtion. 
Fortunately, zirconium is readily fab- 
ricated despite the fact its properties 
and characteristics are somewhat dif- 
ferent from those of most common 
metals. 

Once these differences are under- 
stood, zirconium ingots can be forged, 
rolled and extruded. From these prim- 
ary forms a variety of shapes can be 
fabricated by hot and cold working, 
drawing, swaging and machining. 

Two types of zirconium are being 
produced: sponge metal by the Kroll 
process and crystal bar by the De Boer 
process. Both processes are similar to 
those used for producing titanium. In 
general, the base metal now being pro- 
duced can be fabricated, worked and 
machined in a manner similar to stain- 
less steel and aluminum. 

Alloys of zirconium have had limited 
use even though they have increased 
strength characteristics They require 
higher temperature for hot working, 
and heavier equipment for cold. 


The first ingots of commercial purity 
were made of sponge zirconium and 
melted in vacuum in a graphite resistor 
furnace by the Bureau of Mines in 
1949. As a result of the limited amount 
of fabricating possible on graphite 
melted sponge, the Bureau of Mines 
later developed a process for produc- 
tion of commercially pure ingots by 
consumable arc melting in an inert 
atmosphere. Crystal bar zirconium in- 
gots are made by a process developed 
by the Westinghouse Electric Corpora- 
tion. The material is melted with a 
tungsten-tipped electrode in a water- 
cooled copper crucible under an inert 
atmosphere of argon and helium. These 
processes produce metal having dif- 
ferences in chemical and physical prop- 
erties as pointed out in the descriptions 
that follow. 


Kroll Process 

Zirconium metal produced by the 
Kroll process is a porous metal called 
sponge zirconium that must be further 
refined and processed before it can be 
used. The raw sponge contains appreci- 
able amounts of volatile magnesium 
and magnesium chloride that are re- 
moved by distillation before the sponge 
is converted to ingots. Sponge zirco- 
nium may be quite low in metallic im- 
purities but usually contains sufficient 
oxygen to increase hardness values be- 
yond those of the pure metal. The high- 
er sponge hardness carries over to in- 
gots melted by any known process, since 


the oxygen content cannot be reduced 
by high temperature vacuum treatment 


De Boer Process 

This special technique, also called 
the iodide process, produces dense 
metal, called crystal bar, which can be 
fabricated directly into some shapes 
without further processing. The metal 
produced by this process is usually of 
high purity and is easily fabricated. 
Samples have been successfully cold 
rolled to reductions in excess of 95 per- 
cent without intermediate annealing 
Slight contamination of crystal bar zir- 
conium during melting increases the 
hardness. However, techniques have 
been developed for conversion from 
crystal bar to ingot without perceptible 
increase in hardness or impurity level 

Typical impurity and hardness rang 
es are shown in Table I for metal 
produced by these processes. The 
values listed for sponges are for ingots 
melted in graphite crucibles under vac 
uum and for ingots melted in a con 
sumable arc furnace under inert at 
mosphere. Pure sponge zirconium elec- 
trodes are used Despite relativ ely high 
hardness values, present arc melted 
sponge zirconium ingots are of a high 
metallurgical quality and can be either 
hot or cold worked 


Primary Forming 
Crystal bar and sponge zirconium 
and zirconium alloys with Brinell hard 
ness values less than 200 are readily 


Table I—Impurity and Hardness Range of Zirconium Ingots 





__Type | 


i 


Melting Method | 


_Elements, Percent 


Ingot Hardness Bhn/3,000 kg. .| 
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Bureau of Mines Sponge | Westinghouse Crystal Bar 
Graphite Crucible ay Consumable Arc S | Non-Consumable Arc b 
i 

Range | Average | Range Average | X Range Average 
Nai E O | OS 0.01-0.08 0.04 
iV RE RA | 0.006 0.002-0.010 | 0.004 | 0.002-0.008 | 0.004 
va PNE «s 0.005 0.001-0.010 | 0.004 | 0.001-0.003 | 0.001 
ONG. d i... 0.01-0.06 | 0.025 0.01-0.04 0.02 | 

130-190 A 120-155 75-90 


fabricated on commercial equipment 
in operations where the metal does not 
require lubrication to prevent seizing 
to the working surfaces. Hot working 
by forging or rolling is easily accom- 
plished since the work is covered with 
an oxide. Extrusion and drawing re 
quire special techniques to produce an 
acceptable product 

Heavy sections of zirconium can be 
annealed in air at 1,300 to 1,500 F to 
obtain recrystallized structure after hot 
rolling. An ASTM grain size of 7-8 
can be obtained in crystal bar zirconium 
after hot rolling at 1,400 F and by an- 
nealing for 10 min at 1,300 F, while 
sponge zirconium alloys have the same 
grain size after annealing for 10 min 
at 1,550 F. At these times and tem- 
peratures not more than a few mils 
of the material are contaminated 

Light and heavy sections that have 
surfaces that can not be cleaned readily, 


} 


such as the inside surfaces of tubes, 


should be annealed in inert 


Bas à 


t- 
mospheres or vacuum. Vacuum anneal- 


ing appears to prevent contamination 
better than inert gas atmospheres and 
may be more economical. Table II lists 
recrystallization temperatures of zircon 
ium after cold working 


Forging: Ar forging 
are made in diameters from 4 to 12 in 
with weights to 500 Ib. Prior to fab 
ricating, ingots are rough machined to 
a diameter where their surface is rela- 
tively free from defects. Small local 
defects remaining after machining are 
removed by grinding. If the sidewall 


one section is not as smooth as the 


cast ingots tor 


of 


remainder of the ingot, it is machined 
to a smaller diameter, with a taper of 
30 deg from the smaller to larger d 
ameter. Such gradual steps on the in 
got do not affect the quality of the 
fabricated shape 

Heating varies from less thar 
one hr at 1,800 F for 4-in. dia 
twò hr for 10-in. dia [ 
Zirconium will work 


ter these short heatings and w 


time 
ngots to 
ingots prior to 


forging isily 


Ci j 
al ll not 
rack during forging or rolling. Tabl 
III lists forging temperatures 

Arc 
press forged. Equipment size depends 
on the lowest temperature at which the 
material is to be worked. Zirconiun 
alloy ingots up to 10-in. dia have been 


pressed on a 500 ton press; however 


cast ingots can be hammer or 


several reheats were necessary to work 
the material to 21^ in. thick by 8 in 
wide. With a 1,000 ton press, 12 
ingots have been formed to the same 
size without reheating. A 6,000 Ib 
hammer is also satisfactory 


aif 


Rolling: Billets or slabs are conditioned 
for rolling by sandblasting, pickling 


and grinding to remove local defects 


B:4 


ers 


Ingots of zirconium are rolled into slabs by successive trips of the red-hot metal 
through a rolling mill. This is one of the first steps in the fabrication of zirco- 
nium parts. Reductions up to 35 percent per pass are made on sponge metal, after 
which the sheets are sandblasted or shotblasted and pickled. 


Slabs 21/4 in 


to 60 min in 


thick are heated for 40 

either gas or electric 
furnaces and then rolled. Rolling can 
be done in any conventional rolling 
mill, but the slab should be reduced to 
strip without reheating so that 


tamination of the 


con 
strip is minimized 

Reductions of 35 percent per pass can 
be made on sponge zirconium without 
racking the edges. Reduction per pass 
should be decreased or rolling temper 
ature increased for the alloys. Table IV 
lists approximate rolling temperatures 
To remove scale on hot rolled strip 
or on sheet the zirconium must be sand 
or shot blasted and pickled with 
HNO:-HF after rolling. This removes 
about one mil from the surface. Stan- 
dard H,SO,, HCL, and HNO, baths 


will not pickle zirconium 


Extrusions: Standard tech 
have proved unsatisfactory as 
the lubricants failed 


extrusion 
niques 
to prevent seizure 
ind welding of the zirconium billet to 
the tooling material. To prevent this a 
canning technique has been developed 
rod and tube billets 
ut lad with steel 


wher extrusion 


thin copper or 
sheaths that are removed after extru 


sion by mechanical st ipping and etch 
ng. With this method 0.5 to 1.0 in. dia 


tubes having wall thicknesses ranging 
from 0.05 to 0.10 in. are extruded at 
about 1,380 F. The surface quality de- 
pends on the thickness of the sheath 
material. Where good surface finish, 
thin walls and close dimensional toler- 
ances are desired, cold finishing opera 
tions are necessary 

Shapes are limited to squares and 
rectangles with rounded corners and 
tube shells. Multiple hole extrusions 
have not been possible because of the 
lubrication problem. This has also re- 
stricted the preparation of tube billet 
bores to machining rather than pierc 
ing 

Dies with entrance angles from 20 
to 45 deg blended through large radii 
into their bearings have been more 
y than square-faced dies 
Tungsten bearing hot work tool steels 


satisfactory 


have been used as tooling materials, 
and lubricants are heavy oil suspensions 
of flake graphite, molybdenum disul 
phide or mica 

New fabrication techniques indicate 
the use of 


glass lubricants for bare 


extrusions. At 


) 


present, in. sq and 
114 dia bars and 234 OD x 0.180 in 
wall tube are being extruded. While 
the surface quality of the extrusions 


indicates the need for conditioning 


Table II—Effect of Reduction on Recrystallization Temperature 


Recrystallization Temperature, F 


20% 
reduction 


Crystal Bar 
Sponge 
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905-1,020 
1,010 


50% 
reduction 


80% 
reduction 


840-860 
960 


835 
925 
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Hardness testing of a 99.9 percent pure zirconium ingot. 
Crystal bar zirconium has lower hardness values than sponge 
zirconium and is easier to work. Cold working is relatively 
easy when Brinell hardness values are less than 200. 


prior to further processing, the poten- 
tial of the process in zirconium fab 
rication is clearly demonstrated 


Mechanical Working 
Zirconium, like other metals, can be 


hot or cold worked, drawn, swaged 
and formed by conventional methods. 


Cold Working: Zirconium work hard- 
ens rapidly during cold working as 
indicated by the hardness values given 
in Table V. Sponge zirconium can be 
cold rolled with reductions of less than 
10 percent per pass and with total re- 
ductions of 35 percent between an- 
neals. Small crystal bars can be cold 
reduced 99 percent without intermedi- 
ate anneals, however, large pieces of 
about 1 in. thickness develop edge 
cracks after a total reduction of about 
60 percent 


Sponge metal, due to its higher gas 
content, is much more difficult to work 
at room temperature than crystal bar 
zirconium. Oxygen and nitrogen in- 
crease room temperature yield strength 
and decrease ductility. The difference 
in cold forming is very apparent when 
shapes are attempted. Many shapes 
readily made from crystal bar zirco 
nium are very difficult to make from 


Table IIlI—Forging Temperatures 





/ 





sponge, and if either becomes contam- 
inated with gas during melting or 
fabricating, the resultant material will 
be more difficult, and in some cases im- 
possible, to cold work. Thus, for good 
cold forming the gas contamination 
should be kept to a minimum 


Hot Working: Zirconium hot works 
easily at temperatures below those 
normally used for steel: The deforma- 
tion resistance of mild steel at 1,600 
F is equivalent to - of crystal bar 
zirconium at 1,350 and to that oí 
zirconium alloy of 230 Bhn at 1,500 
F. As the temperature increases the 
pressure required to deform zirconium 
decreases — "— of 18.5 
tons/sq in. 1s required at 1,400 F for 
50 petens reduction of a 11/ in. thick 
slab of crystal bar zirconium, while 
a 10.2 ton/sq in. pressure will produce 
a 70 percent reduction at 1,600 F 
Time and temperature limits for 
heating in ordinary furnace atmosphere 
depends on many factors such as, the 
size of the piece, the operation to be 
performed, and the amount of material 
that can be removed by machining. For 
example, 10-in. dia ingot can be heated 
tor two hr at 1,800 F prior to forging 
into à. 21^ in. thick slab with only a 
few mils of surface contamination. A 


Starting Finishing 
Type Temperature | Temperature Type 
+ F F 
Crystal Bar 1,400 1,100 Crystal Bar 
Sponge . 1,550 1,200 Sponge... 
Sponge Alloy 1,600-1,900 1,300-1,500 Sponge Alloy 





4 | 
~w 


Electric arc furnace melts pieces of zirconium crystal bar 
to form ingots. The operator controls the position of the 
are by moving the magnet in his right hand. View of furnace 
is obtained by watching through periscope. 


0.10 in. sheet, if annealed tor two hr 
at 1,800 F, becomes heavily scaled and 
severely warped. It is best to heat zir 
conium for forging and rolling at a 
temperature where the operation can 
be completed without reheating, thus 
reducing the total heating time and gas 
contamination. Sponge zirconium alloy 
ingots up to 12-in. dia do not have to be 
preheated and can be placed in the 
Painedt at fabricating temperature 


Forming: Strip and sheet can be slit 
satisfactorily on equipment used for 
slitting stainless steel. Iodide zirconium 
shears readily, as does high quality 
sponge. Sponge alloy harder than 190 
Bhn often fractures when sheared 
however, this can be avoided by warn 
shearing at 300-400 F. Shearing char 
acteristics of the material have beer 
found to be similar to those of alum 
inum except for the higher loading re 
quired. The blanking of zirconium has 

li 


presented no difficulties. In blanking 


0.1 in. thick crystal bar zirconium 
lean e" tures are obtained with punch 
ind die clearances of about 0.001 in 
Flat faced punches made from standard 


die steels are suitable 


Drawing: Zirconium sheet can be dec 
drawn into ins using electroplated 


Table IV—Rolling Temperatures 





Starting Finishing 
Temperature | Temperature 
F F 
1,400 1,100 
1,450 1,200 
1,550 1,300 
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copper or a commercially available ad- 
type cement for lubrication 
Small cans can also be fabricated by 
impact extrusion. While extrusion of 
zirconium bare at 980 F failed because 
of seizing and welding, cladding the 
blanks in aluminum or copper gives a 
Cans 8 
in. long, 1.0-in. dia and 0.015 in. wall 
have been drawn from sponge zircon- 
ium using intermediate anneals at 1,200 
F in a 50-50 lithium carbonate-potas- 
sium carbonate bath and commercially 
available waxes and soaps as lubricants 
An oxide 
found necessary to achieve the proper 


lubrication 


hesive 


successful extrusion at 260 F. 


film on the zirconium was 


Both crystal bar and alloyed sponge 
tubes can be fabricated by tube reduc- 
ing and cold drawing extruded stock 
A molybdenum disulphide lacquer 
mixture is used as the die lubricating 

dium 
produced by extrusion 
or forging and rolling, followed by 
old swaging or drawing. Hot working 
temperatures of 1,800 F and higher ar« 


2 » | 
«ods Can Lx 


required for alloyed sponge compared 
to 1,500 F for crystal bar zirconium 
Intermediate anneals at about 1,450 F 
are require d for sponge alloy after cold 
red percent, while 
bar metal can be processed 
without annealing if the drafts used 
are less than 20 percent 


luctions totaling 35 


crystal 


Machining 


Crystal bar zirconium 
with carbon contents of less than 0.1 
percent are readily machined by all 
standard operations. The general ma 
hining characteristics are 


aluminun 


and sponge 


smiliar to 


except for greater abra 


siveness which results in greater tool 


wear. Oxide scale on hot worked sur 
extremely abrasive and de 


and should be 


machining 


S IS 


In machining 
preferred 
can be rem 


milling is 
ince metal 
es with excellent fin 
1S done with 
speed 
work 


solubl 


Drilling offers lit 

tle difficulty. When using bushings in 

drilling fixtures, C tendency 

for chips to jam in the bushing. Sharp 

ening drills to less than 
1 


y ano Dhearc f Q1 
angi Appcar»5 tO Pive 


there is a 


a normal 118 


best 


meg: Sponge zirconium ingots are 
conditioned for forging by turning on 
a lathe. The Bureau of Mines uses a 


sintered carbide tool, dry, at 80 fpm, 


Bis 


Table V—Brinell Hardness Vs Percent Reduction 


Crystal Bar 
Sponge 


B H N at Various Reductions 


20% | 40% | 60% | 80% 


125 145 160 
204 210 215 


Flow Sheet For Zirconium Sponge and Crystal Bar 


Commercial 
Zirconium 
Tetrochloride 


Hofnium 
Oxide 


—-—------------------4 


lodide deposition 
Unit 


Dehydration and Evoc- 
uotion System 


Cooling and Opening 
tonk 


Zirconium 
Crystal Bor 


Ead heed 
Recovered Reagents 


Zirconium 
Oxide 


Chlorination 


Zirconium 
Tetrachloride 


Reduction 


Mognesium i 
Chloride 

Kroll Process 
Zirconium 


Zirconium 
Sponge 


Melting 


Zirconium 
Ingots 


Sponge flow sheet from"Monufacture of 
Zirconium Sponge" by S.M. Shelton 
ond E.D. Dilling 

Crystal bor flow sheet from 

Z.M. Shopiro, WAPD 


The Kroll process produces zirconium sponge in six steps. Further purification 
of the metal is possible by combining with iodine to produce zirconium crystal 
bar by the De Boer process. Melting of either sponge or crystal bar zirconium 
produces zirconium ingots for fabrication. 


0.01 to 0.02 in. feed and 1% in. maxi- 
mum cut. Normal cutting angles are 
used except the clearance is inc reased to 
An air blast is used for 
cooling and the chips are remelted for 
salvaging 


10 degrees 


Sawing: Zirconium is readily sawed by 
mechanical means. A straight cut can 
be made through 12-in. dia ingot on a 
conventional power hack saw using a 


Product 


high speed steel blade. Zirconium can 
be cut on a friction saw but a large 
burr is left 


Little information is available on the 
machining of zirconium of higher car- 
bon content or zirconium base alloys 
The limited experience to date indicates 
that satisfactory surface finishes can be 
obtained but that the fire hazard among 
chips is greater for zirconium alloys 


Engineering — 1954 Annual Handbook 
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FigII- Metal Loss ot Elevated Temperatures 
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Alloy Casting institute 


From: Alloy Casting Institute Standards and Literature Survey 


Heat 
Resistant 


Casting 
Alloys 


CASTING ALLOYS commercially used for 
heat-resistant service—those applica- 
tions requiring good surface stability 
and mechanical properties at elevated 


operating temperatures—primarily con- 
sist of the straight chromium, iron- 
chromium-nickel and nickel-chromium 
base grades. According to the Alloy 
Casting Institute, 1200 F is the lower 
temperature limit for which the heat- 
resistant alloys are designed for use. 

Table I gives the ACI designations 
and the chemical composition ranges of 
the alloys. The initial letter “H” is 
used to designate the grades as those 
formulated for heat resistant service. 
The second letter indicates the nominal 
chromium-nickel type—the nickel con- 
tent increasing in amount from “A” to 
“X”. Carbon content of the alloys can 
be designated by a numeral after the 
letters to indicate the midpoint of a 
+0.10 percent carbon range. 

The principal mechanical and phys- 


OI! C 100 


Oxidation Rote (! 
EZA \800F E 2000F 
ashng institute 


Knowledge of the chemical composition 
ranges, the physical and mechanical 


properties and the observed service 


characteristics of the cast iron- 


ical properties of the alloys at elevated 
temperatures are listed in Table II 
Values shown are typical amounts and 
should be used only as a general guide 
or relative indication, not as specifica- 
tion requirements. Wide ranges in 
chemical composition permit large dif- 
ferences in the physical and mechanical 
properties. For specific applications 
with required property values, the alloy 
composition is generally held to closely 
controlled percentages. 

A comparison of the creep strengths 
of the heat resistant alloys with that of 
carbon steel, shown over the elevated 
temperature range normally encount- 
ered in service applications is shown in 
Fig. I. Creep strength is generally 
considered to be the most reliable in 
dication of hot strength under relatively 
constant temperature conditions 

The oxidation rate in inches per 
year in air of the chromium-nickel 
alloys compared to that of carbon steel 
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chromium-nickel heat resistant alloys 
will help in the evaluation of 
the proper alloy grade to meet 


service condition requirements. 


is given by Fig. II. Data are based on 
100 hr tests at 1,600 F, 1,800 F and 
2,000 Fahrenheit 

Table III gives the room temperature 
mechanical properties of the heat r« 
sistant alloys. There is little relation 
ship between these values and those 
obtained at various elevated tempera 
tures 

Table IV 
resistant characteristics of the alloys 
and indicates their relative resistance 
to specific application conditions 
Table V lists the relative corrosion re 
sistance characteristics of the heat resist 
ant alloy grades. Data in this table are 
based on general and 
should not be used as the criterion for 
final alloy selection 


shows the principal heat 


observations 


Alloy Groups 


The cast heat resistant alloys can be 
classified into five groups according to 
their chemical composition, ranging 


Bi7 





Table I—Chemical Composition Ranges for Heat Resistant Castings 


Cast Wrought Composition—percent 
Alloy Alloy 
Designation Type S 
C i x. ; Max. Other Elements 


max 0.04 5 .| Mo 0.5 max.t 
max. 0.04 Mo 0.5 max.t 
0.50 0.04 Mo 0.5 max.t 
0.40 0.04 Mo 0.5 max.t 


.50 0.04 Mo 0.5 max.T 
.50 ] 0.04 Mo 0.5 max.t 
60 3. 0.04 Mo 0.5 max.t 
60 3. 0.04 Mo 0.5 max.t 


3! . 0.04 Mo 0.5 max.t 
HU 35-0.7: a 0.04 Mo 0.5 max.t 
HW .35-0.7: i 0.04 Mo 0.5 max.t 
HX .35-0.7: ; 0.04 g Mo 0.5 max.t 


t Molybdenum not intentionally added Alloy Casting Institute 


Table II—Mechanical and Physical Properties at Elevated Temperatures 


Elongation in 2 in. Melt- 

Ultimate Tensile percent Limiting Rupture Limiting Rupture Mean Coefficient of | ing 

Strength, psi Short Time Stress Stress Linear Expansion | Point 

Short Time Properties Properties psi—100 hr psi—1000 hr. in./in./F/x10-6  |F,(Ap- 

prox.) 

1400F | 1600F | 1800F 1400F 1600F 1800F 1400F 1600F 1800F 1400F 1600F 1800F to | 70 to | 70 to 

)0F 1600F, 200F 
10,000 5,000 2,500 65 95 110 3,000 1,500 800 | 2,000 1,200 600 6.8 
36,000 23,000 15,000 14 18 40 10,000 6,000 3,400 à 8.5 
10,000 | 5,000 | 2,200 10.5 


12,000 6,000 | 3,800 | 8,000 | 3,000 . 10.4 
13,000 | 6,500 | 3,500 


0 
2 
6 


35,000 20,000 | 11,000 5 : 14,000 7,000 4,000 9,000 4,800 | 2,500 
14,000 7,000 4,000 8,000 4,800 2,500 
23,000 5 5 14,000 8,000 4,500 9,000 5,000 | 3,000 

50,000 30,400 18,700 15,000 9,200 5,200 
34,000 | 19,000 11,000 5 2 15,000 9,000 4,500 10,000 5,500 | 2,500 
40,000 19,000 12,000 15,000 8,000 4,500 6,000 2,900 


10,000 | 6,000 | 3,500 | 7,500 | 4,500 | 2,500 


Material & Methods, October 1950 


Table IlI—Room Temperature Mechanical Properties 


Yield Strength Tensile Strength, Elongation in Brinell Hard- Impact Comparative Comparative 
0.2 percent psi 2 in, percent ness Number Resistance Machinability | Weldability 
offset), psi ft-lb, Charpy 


As Aged As As Aged’ As Aged’ As Aged* As Aged* | (Gas or arc)" 
Cast Cast Cast Cast Cast Cast 


65,000 70,000 2 212 Par Poor 


45,000 80,000 

45,000 50,000 80,000 100,000 
50,000 55,000 85,000 95,000 
45,000 55,000 91,000 95,000 
45,000 70,000 

47,000 50,000 75,000 78,000 
52,000 82,000 

40,000 45,000 70,000 75,000 
40,000 43,000 70,000 73,000 
50,000 68,000 75,000 
15.000 42,000 75,000 82,000 


Par 
Par 
Par 


— t NN We 
O N 0O N UYI 


> © 


* After holding at elevated temperature ASTM Tables on Cast Heat-Resistant Alloys 
* Compared to unstabilized, annealed 18Cr-8Ni. No heat treatment necessary after welding 

* Below 1 percent N 

* Plus 1.0 to 1.5 percent M« 
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Table IV—Relative Heat-Resistant Characteristics 


Maximum Safe Temperature Without Intolerable Attack 
for Continuous Operation, F* 


Resistance | Ability to 
to Damage Avoid 
by Carbon | Catalyzing 
Penetration Hydro- 
Carbon 
Cracking 


Products of Combus- 

tion Containing Sul 

phur up to 100 grains 
per cu. ft. 


Resistance 
to Cyclic 
Heating 


Resistance 
to Thermal 
Fatigue 


High Sulphur 


ACI) Oxidizing Content Gases” 


Reducing 
Type Gases 


Gases 


Oxidizing Reducing | Oxidizing Reducing 


1,900 
1,900 
1,900 


1,700 
1,700 
1,700 


1,800 Poor 


1,800 Fair 
2,100 
2,100 
2,000 
2,000 
1,900 
2,000 


1,900 
2,000 
2,000 
2,000 
1,600 
1,900 


2,000 
2,000 
2,000 


Fair“ 


Good Good Good 
Good 


Good 


Good 
Good 


Good 


?,000 
2,000 


* Values lower when service is intermittent. 


^ NR - not resistant. 


1,600 
1,950 


Excellent 
Excellent 


Good 
Excellent 
Excellent 


Excellent 
Excellent 


ASTM Tables on Cast Heat-Resistant Alloys 


* Resistance improved when Si 1.5 to 1.70 percent. 


Table V—Relative Corrosion Resistance Characteristics 


Resistance to Corrosion 
by Salts* 
ACI 
Type Drawing 
and Tem- 
pering 


Neutral Cyaniding 


Fair Fair Fair 


Good Good Good 
Good 
Good 


Excellent 
Excellent 


Good 
Good 
Excellent 
Excellent 


Poor 
Poor 


b 
b 
b 
b 


NR 


not resistant 


^ Will give satisfactory service with proper salt control. 
* Up to at least 1300 F. 


* Up to at least 650 F 


from the straight chromium grade to 
the 66 percent nickel alloy 

HC and HD. Used in some furnace 
operations up to 2,000 F, and in cther 
applications where the atmosphe:e con- 
tains a high concentration of sulphur 
They are not suited for conditions of 
fluctuating temperature, or where high 
load carrying capacity is required. 

HE and HF. The HE grade can be 
used up to 2,050 F, under conditions of 
fairly high sulphur atmospheres. The 
HF alloy can be used for many applica- 
tions at temperatures up to 1,600 F. 
HH, HI, HK and HL. They can be 
used in a wide range of high tempera 
ture applications. They have good 
scaling resistance up to 2,000 F, and 


High 
Speed 
Salts 


Resistance to Corrosion by Molten Metals 


Alumi- 
num 


Tin Zinc 


Good 
Good 
Excellent 
Excellent 


under some conditions up to 2,150 I 

More resistant to sulphur attack than 
the high nickel low chromium grades, 
these alloys are especially resistant to 
reducing atmosphere conditions 

HT and HU. These grades have a top 
limit in air at about 2,100 F. Thev are 
good furnace alloys having good re 

sistance to oxidation and relatively 
good resistance to carburization and 
carbide precipitation 

HW' and HK. They should not be used 
in atmospheres containing any appre- 
ciable amount of sulphur. The upper 
temperature limit in air is approximate- 
ly 2,100 F. These alloys are used exten- 
sively under conditions of nitriding, 
reducing gases and oxidation 
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Mag- 


nesium 


Soft 
Solder 


Bab 
bitt 


Anti 


mony 


Type 
Metal 


Cad 


mium 


Good* Good* 


Px »»r 
Px )OT 
Poor 


Poor 
Poor 
Poor 


Poor 
Poor 
Poor 


Good* 
Good* 
Good* 
Good* 


ASTM Tables on Cast Heat-Resistant Alloys 


* Up to at least 775 F. 


General Information 
Machinability All of the nickel 
chromium-iron alloys are more difficult 
to machine than the carbon or low alloy 
steels. Machining is usually done at 
slow speeds and heavy feeds 
Welding. The high chromium-low 
nickel alloys have relatively poor weld 
ing properties. These alloys containing 
from 8 to 20 percent nickel have fairly 
good weldability, and the high nickel 
grades—from 33 to 68 percent nickel 

can be readily welded 
References: 
“Heat Resistant and Corrosion Resistant Alloy 


Castings in Industry," International Nickel Co., 
Sept. 1952. 

"Data on Corrosion and Heat Resistant Steels 
and Alloys—Wrought and Cast,” Special Tech- 
nical Publication No. 52-A, ASTM, May 1950 
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From: LITERATURE SURVEY 


Atomic 


Number Element 
89 Actinium, A 
l Aluminum, A 
? Americium, An 
Antimony, SI 
33 Arsenic, As 
0 Barium, Ba 
7 Berkelium 
4 Beryllium, Bé 
5 Bismuth, Bi 
Boron, B 
48 Cadmium, < 
0 Calctur VÀ 
Js Californiun 
9 Certur Ce 
Cesium, 
1 Chr im, 4 
27 Coba ( 
2 Copper, € 
pr 
6t Dyspersium, D 
65 Erbium, F 
t Europium, F 
87 Franctum. Fr 
‘ Gad T m. Gå 
( J ( 
= Germant 
7Q i . 
7 Hat m, H 
t Holr r H 
4 I im. I 
7 I 
€ 
I 
La inu 
ls I 
I 
























Weight 


Ib/cu in 


0.093 


0.206 


0.352 


0.084 


0.0056 


0.068 


0.260 


0.309 


0.332 


Melting 


point 
I 


300 


190 


1,430 


Description 


Radioactive. transitional element 


Density is '4 to 1 
ommon metais 
sistance. High thermal « 


j that of 
Good 


other 
»rrosion re- 
onductivity 


Radioactive 


Hard and brittle 





with a silver white 
metallic luster 
Grav crystalline, brittle, element 
Highly tox 
R-ft metal that s easily, 
toxk 
Radioactive, artificially made 
High temperature, light metal 
Toxic qualities 
rin-white low temperature metal 
Antiacid 
Hard. crystalline material with higt 
heat and electrica! resistance 
Blue-gray corrosion-resistant 
metal. Soft 
Soft white luc e, ligt Cor 
rodes rapid 
Radioactive. artificially made 





ghh active as its Single remote 
electron is easily removed 
Silver-whi ite corrosion resistant 


Good conductor 


High strength, oxidation resistance 


at elevated temperature 





High ductilit 
Chemically 


and 


inert 


conductivity 


Rare earth group 


Rare earth group 

Rare earth group. Brilliant spark 
spectrun 

Alka ype metal. Radioactive 


sorptior 
Ory 1 














Liquid above 86 F but has high 
l ng point 
Low dens high hardness sem 
Ver lu e and malleable 
Twice weig of z ul gt 
ele n emiss 
Rare Ear 
w temperatu I à 

I t i neta ard and 
Malleable ar lu Low tensile 

engtt 
D € nn are eartl 
Heav soft eable meta f w 
Very light metareacts rapid 
with alr and water 


jid at room ten at x 
xcellent conduc 

High temperature metal, silver 

W t aT eara t 


Checklist: Applications of Metals and Their Alloys 


Application as a pure metal 
For therapeutic use 
Cooking utensils, wire and 


trical transmission, paints 


Experimentally used as 
corrosion resistance 


By-product of U fission 


cable for 
reflectors 


elec - 


an electroplate for 


Atomic energy use as atomic-pile moderator 


alpha-ray emitter, X-ray tube 


Ductile wire and strip 


“window.” 


Hard, fusable oxidation-resistant coatings 
on high temperature metals 
Used to plate Fe and brass. When heat- 


treated is 
Ni 


Reducing agent in securing U 
reactive metals from ores 


By-product of U fission 


Pure meta! just being separated 
about 50 Ce 


and 


harder and adheres better than 


other 


Mischmetal 


Coating light meters and rectifiers of cosium 


vapor 


Corrosion resistant, decorative plating 


Used in the 
superalloys 


making of high 


temperature 


Wire and cable for electrical transmission 


and boilers, pipes, gutters, leaders 


Special 


in continuous mass spectrometers 


Used as plating for jewelry and 
protection 

Lubricant for bearings and dies 
for metal-ceramic surfaces 


Wrought iron. Base metal for steel 


Mischmetal about 20 percent La 


Chemical 
needed 


equipment where iner 
Covering for electrical cab} 


Scavenger in liquid metals 


Degasification of tubes 
military pyrotechnics 
protection of steel 


photo 
sacrificial 


High damping capacity 


High density and 
for use in barometers 
cury vapor lamps 
Radio 
light 
coa 


low 


mercury bollers 


X-ray tubes 
electrical 
sd forgings and wire 


and 
bulbs 


support 
resistances 


flash 


vapor tension 
thermometers 


thermometers and as liquid medium 


corrosion 


Coating 


tness is 


e 


and 
anodic 


fits it 
mer- 


wires in 
silicon 


I 
| 
| 
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Application as an alloy 


Luminous dials of instrument panels of 
planes , ships, tanks 


With Mn, Mz, SI for sheet, rod. tube and 
other fabricated forms for transport 
tion and construction industries 


Increase fire resistance of plastics and 
cloth. With lead for batteries, ammu 
tion, etc. 


Used to increase hardness in the Cu and 
Pb alloys 


Filler for paint, rubber goods, 
and lithograph inks 


plastid 


Increase strength of corrosion-resistani 
copper and nickel alloys 


Low melting alloys for sprinkler systems 
safety plugs and solders 


As ferroboron, reducing the use of alloy! 


in low-alloy steels; atomic reactor come 
trols 

In fusable alloys, aluminum solder, 
atomic power controls 


Small amounts strengthen and harden 
lead. Control grain size of Mg ingots 


As Mischmetal in flints 
iron, Mg alloys 


some steels, cast 


Main alloving element in stainless steef. 
Also in high temperature alloys 


Used to form Alnico magnets with A 
and Ni. High temperature tools and 
parts. 

With Zn for brass and Sn for bronze. 


Basis for extensive series of alloys. 


Experimentally 
metals 


in low melting solders, 
low temperature dies 


With 
diodes 


As for transistors, low 
Low melting gold alloy 


power 


With Cu, Ag, Zn, Ni for coinage and 
Jewelry 
Low melting, corrosion resistant glass 


adhering solders and alloys 


With Pt and Au to make crucibles, and 
other laboratory articles 


With carbon and other elements to make: 
steel and cast irons 


With Ce eases rolling and forging of high 
alloy corrosion and heat resistant 
alloys 


To make pewter, shot, solder, type metal 
and fuse metal 


Alloying element in Mg. Refrigerants for 


air conditioning. As Li salts in soaps and 
greases 








With Al, Zn 
alloys as sheet 
aircraft 


Mn, Zr, Ce, in structural 
tube, rod and shapes for 


Make Mn steel which is hard, tough stee? 
but easily rolled and forged. Removes 
impurities in steel. Alloying element ip 
many metals 





Forms alloys with many 
analgons. Recovery of 
reducing agent with Na 


metals called 
Ag and Au; 


Make some steels resistant to chemical 
action as well as hard. strong, tough 





Atomic 
Number 


60 


41 


76 


46 


94 


R4 


19 


48 


a0 


no 











39 
30 


40 
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Atomic | Weight Melting | | 
oy I me ` | 
Number Element Ib /eu in = Description Application as a pure metal Application as an alloy 
i" 2 | 
it panels of z » » l | 
$0 Neodymium, Nd 0.251 1,544 | Rare earth group | Mischmetal about 18 percent Nd 
| 
Neptunium, Np Radioactive. 
x1, tube and 93 | 
transport 28 Nickel, Ni 0.322 2.646 Hard, corrosion resistant, ductile | Electroplating of parts Alloying agent for steel, adds strength 
ries metal With Cu to make thermocouples, elec- 
trical resistance 
plastics and 41 * Niobium, Nb 0.310 4,380 Highly stable, scarce metal | Laboratory uses Small amounts in high temperature 
'", ammunj | | super alloys of steel; stabilizing stainless 
| | steel 
| the Cu and 76 Osmium, Os 0.813 4,592 | High density metal of platinum | Combines with O to form Osmice acid. Oxi- | Alloying with platinum group metals 
p | group good oxidizer | dizing agent used to stain and harden bio- 
| logical material 
ods, plastid | ogica aa terials 
a Palladium, Pd 0.440 2 831 | Soft, malleable, metal of the pla- Electroplating and as electric contacts Chemical equipment alloys 
tinlum group | and electrodes 
— 22 Platinum, Pt 0.774 3,190 | High density, corrosion and oxida- | Electrical apparatus, X-ray tubes, glass | With Au. Ag, and other Pt group metals 
-— ‘ tion resistant metal | fiber dies, and as a catalyst. Thermocouple to form alloys for jewelry, laboratory 
| | wire and industrial uses 
tler syste » | | 
ystems os | Plutonium, Pu Radioactive, fissionable } Manufactured artificially by U fission for 
| use in atomic energy 
use of alloy! P q 
olonium, Po 0.3 112 Radioactive " ^e ut s, ions 
reactor come R4 41 1,112 Source of neutrons, ion 
Potassium, K 0.0031 144 Soft, highly reactive alkali metal. | 
um solders, 19 | | 
- | Praseodymium, Pr 0.240 1.724 Rare Earth Mischmetal about 6 percent Pr | 
ei Promethium, Pm Rare earth—artificially made By-product of U fission 
and hardea Protactinium, Pa 5.400 Radioactive 
ig ingots 01 ‘ 
i Radium, Ra 0.181 1.760 Base of measurement for radio Needles, instruments, isotopes for research With Zn sulfide for luminous dials 
activity | | nstruments 
> steels, cast - i | , 
dis Rhenium, Re 0.720 5.740 Heavy, silver-gray meta Experimental electrical filament | Experimentally with W, Mo 
E Cr Ta to form hard acid resistant 
alloys 
» Rhodium, Rh 0 452 3.550 Hard, Pt group metal Resistors, reflectors, electroplating | In Pt alloys 
inless steef, , 
- "el Rubidium, Rb 0 055 101 Reactive alkali metal 
oys 27 
| uthenium, R ^t r me ^ £ »rittle t »t ectric éontacts d pep 
"ts with A " Ruthenium u 0.441 1.442 AA. oup member hard, brittle With I as € ric nta and [ 
tools and " )oints 
Samarium, Sm 0.282 ? 462 Rare earth group—oxidizes slowly 
T 2,162 
R in air 
for bronze. 
alloys. Scandium, s« 0.109 ? 192 Rare—only recently isolated 
21 ia dics 
Selenium, S« 0.173 128 Semi conductive, photo-sensitive, | Colorless glass, photoelectric cells, elec Aboyed to copper and stainiess stee 
24 brittle metal tronic rectifiers, pigments for ceramic and adds machinability 
4 
rubber articles 
Silicon, S 0.088 2,590 Hard, fair conductor of electricity Ferrosilicon in steel is a deoxidizer 
14 heat corrosion resistant makes silicon steel for magnetic use; pro- 
luces a hard yrrosion resistant stee 
adds elasticity to spring steels 
Silver, Ag 0.380 1.761 Excellent conductor of electricity Linings in food and brewing equipment Engine bearings: Production of stainless 
17 and heat. Malleable, ductile electrodes; resists alkali corrosion steel: coating of iron and steel; welding 
ing solders, and brazing; coinage 
3 
Sodium, Na 0.035 OR Soft, highly reactive with air and Experimental use as an electrical conductor Increase hardness in Pb base bearing 
low power 11 water Electrical conductivity about 3 X that of | alloys. In atomice power plants as 
oy Cu iquid meta. 
"oinage and Strontium, Sr 0.092 1.500 Caleium family, photoelectric | Vacuum tubes and sensitive photoelectric 
38 properties cells; fuses and flares 
Tantalum, Ta 0.600 5.425 Hard, ductile, good temperature Remove gas from radiotubes; electrodes for | Chemical heat transfer equipment, car 
73 characteristics, corrosion resistant recti ters; surgical instruments; replacement bide cutting toois 
for Pt 
istant glass 43 l'echnetiom, T« 4,900 Radioactive By-product of U fission 
rellurium, Te 0.226 846 Metallic, semi conductor Increase resistance of Pb to the action of Make Cu easier to machine. make cast 
52 . prove physic e more resistant t ear 
ucibles, and re | acids; improve physical Fe more resistar oO wea 
85 | lerblum, Tb 0.302 621 Rare earth group 
nts to make: | Thallium, T 0.428 778 Soft Used in chemical industry as an organic salt Alloys with Pb to increase resistance 
- i towards rmation Also alloys with 
| f d. ( z 
ging of high | | ^n. Zn, Cd, Cn, Ag 
t resistant | Thorium. Th 0.409 1350 Radioactive Atomic energy breeder piles | Adds strength to Mg; life to resistance 
0 | heating alloys 
type metal l'hu'tum, Tm 0.338 Rare earth, radioactive Inspection of light alloy castings 
no 
Soft, bright corrosion resistan Plating on steel and Cu: tin-foil for wrap With Cu to form bronze; with Pb to f« 
> t rin, Sn 0.208 449 0 ig 1 I 
rigerants for 0 ping solder, bearings 
in soaps and 
Titanium, | 0.163 2 O79 Light weight, high strength, corro Non-structural components in aircraft; sheet For high strength Al and Mg alloys; hig! 
22 — sion resistant for jet engine shells, ducting, fittings temperature titanium carbides 
Tungsten, W 0.697 6.170 High melting point ow vapor Filaments in light bulbs, radio, electronic High temperature steels and cart 
n structural 74 presence, brittle tubes, X-ray cutting tools 
d shapes for 7 
02 Uranium, ! 0.675 2,071 Radioactive fissionable As source of atomic power 
> Vanadium, V 0.216 3.110 Hard. brittle, crystalline, corrosion Laboratory use only. Combines with gases lo make V steel of high strength, resis 
23 
tough steet resistant to improve quality and ine grain size of tance to shock and vibration. High 
d. Removes steel speed tool stee 
| element in 
^0 Ytterbium, Yt 0.260 1.272 Rare earth 
4 rttri t 0.199 2.4 are earth 
ietals called: 39 Yttrium, Y : M Mare enr 
E and Au; 30 Zinc, Zn 0.259 787 Hard, crystalline, brittle high yn galvanized iron. dry cell bat To make brass, Babt tt german s 
resistance to atmospheric corro teries; laboratory use as a reducing agent and with Al and Mg for die casting 
sion 
to chemical 1 
J E M . anb . a a comi nts for atomic reactors Hoy 1 I : izes stee nd F 
ig, tough 40 y conium, Z 0.231 3,380 High permeability to neutron A mponen atomic reacto S = ' n Mg; deoxidize à 
— 
* Also known as Columbium l'he editors wish to thank the Metallurgical Section of the Battelle Memorial Institute for their cooperation in checking the data of this char 
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Table I—Properties of 430 Chromium Stainless Steels vs AISI Type 302 


AISI STAINLESS TYPE 430 430F 430T 302 


Free Machining 
NOMINAL DESIGNATION Basic 17% Cr 7% Cr Stabilized 17% Cr | Basic 18 Cr-8 Ni 
Not heat treatable Not heat treatable 


COMPOSITION, PERCENT 


Carbon 0.12 max. 0.12 max. 0.10 max 0.08 to 0.20 
Manganese 1.00 max 1.25 max. 1.00 max 2.00 max. 
Silicon 1.00 max 1.00 max. 1.00 max. 1.00 max. 
Phosphorus 0.04 max 0.07 min. 0.04 max. 
Sulfur 0.03 max 0.07 min. 0.03 max. 
Selenium 0.07 min. 

Mo or Zr 0.06 max. 

Chromium 14.00 /18.00 14.00/18.00 16.00 / 18.00 17.00 to 19.00 
Nitrogen Ti: 0.30 to 0.70 Ni: 8.00 to 10.00 


MECHANICAL PROPERTIES 


Sheets and strip, annealed | 
Tensile strength, psi 75,000 65,000 90,000 
Yield strength, psi 45,000 45,000 40,000 
Elongation in 2 inches, % 25 30 50-55 
Rockwell hardness B-80 B-78 B-85 


Bars, annealed 
Tensile strength, psi 75,000 80,000 | 85,000 
Yield strength, psi 45,000 55,000 | 35,000 
Elongation in 2 inches, % 30 25 60 
Rockwell hardness 155 190 150 
Endurance limit, psi 40,000 45,000 34,000 


Bars (1”), cold drawn 
Tensile strength, psi 85,000 90,000 100,000 
Yield strength, psi 75,000 80,000 60,000 
Elongation in 2 inches, % 20 15 4 
Brinell hardness 21 
Endurance limit, psi 46,000 48,000 


EFFECT OF TEMPERATURE ON PROPERTIES 


Creep strength, annealed, psi (1% set in 
10,000 hr 
1,000 F 
1,100 F 
1,200 F 
1,300 F 
1,500 F 


17,000 
12,000 
7,000 
1,000 


Maximum service temperature (in air), F 
Continuous À 1,500 ; 1,600 
Intermittent , 1,600 , 1,450 


Low-temperature ( 320F) properties, annealed 
Tensile strength, psi 65,000 220,000 
Yield strength, psi 38,000 85,000 
Elongation in 2 inches, ^; 37 
Izod impact, ft.-lb 35 75 


WORKING AND HEAT TREATING TEMPERATURES 


Initial forging, F 1,900/ 2,050 1,950/ 2,100 2100/2.300 
Finish forging 1,300/1,400 1,300 /1,400 1.700 /1.750 
Full annealing, (cooi slowly from 

Low annealing, (cool slowly from 1,400/1,500 1,250/1,400 

Hardening, (cool rapidly from none none By cold work 
Tempering 


PHYSICAL PROPERTIES 


Annealed 

Modulus of elasticity in tension, psi 29 x 10 
Density, pounds per cubic inch 0.28 
Specific electrical resistance at room tem 

perature, microhms / cm /sq.cm 60 
Specific heat, Btu/hour/ F(32 to 212F 0.11 
Thermal conductivity, Btu/ hour/sq ft/F 

at 212F 

at 932F 


Mean coefficient of thermal expansion /F 
32 to 212F 5.8 x 10 


x 10-* 9.6 x 10 
32 to 600F 6.1 x 10-* 

x 

x 


10-* 9.9 x 10 
32 to 1,000F 6.3 
32 to 1,200 F 6.6 x 10-' 6 x 10-' 10.4 x 10 

Melting point range, F 2,600/2,750 2,600;2,750 2.550/2.590 


x 
x 

10 3 x 10-* 10.2 x 10 
x 
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Table II—Mechanical Properties of Type 430 Fusion Welded Joints} 


Base Metal 


Welding 
Type 


Process 


430 


Oxy-acetylene | 430 


Metal-Arc 430 
308 


Inert-Arc 430 


308 
Metal-Arc 308 


Inert-Arc 


[These figures are the results of specific 
are not necessarily to be regarded as the rule 
* HAZ —Heat Affected Zone, BM —Base Metal, 


Filler Metal 
Type 


None 


spot tests and 


WM —Weld Metal 


Tensile Test Results 


Condition 
Prior to 
Testing 


Ult Tens 


As welded 
Annealed 
As welded 
Annealed 
As welded 
As welded 
Annealed 


72,400 
68,200 
76,000 
73,900 
76,100 
74,400 
72,000 


As welded 
As welded 
As welded 


74,400 
71,800 
70,700 


Elong. 


Str,-psi % in 2 in. 


Guided Bend 
Location Test. Deg. 


of Fracture 


*HAZ 15 
*HAZ 50 
*BM & WM 15 
*BM 180 
*BM 85 
*BM 38 
*WM & BM 180 


"BM 
*BM 
*WM 


85 to 180 
180 
180 


From SPECIAL REPORT OF THE COMMITTEE 
OF STAINLESS STEEL PRODUCERS, AISI. 


How to Use and Fabricate 
Type 430 Stainless Steels 


Grades available, mechanical and physical properties, com- 


parison with austenitic types, and methods of fabrication 


and welding. Tips on substitution for austenitic types. 


In the few years, the demand 
for austenitic grades of stainless steel 

particularly the 18-8 chrome-nickel 
type—has grown tremendously and 
been a crucial factor in the drain on 
limited nickel supplies. 

As a result, some users are switch- 
ing to martensitic or straight chromium 
grades of stainless. Others would do 
so, except for problems of design, 
fabrication, and welding. Actually, 
successful use for automotive and archi- 
tectural trim, combustion chambers, 
packaging machines, processing equip- 
ment and many other assemblies and 
components has proven the adaptability 
of straight chromium grades, provided 
proper consideration is taken of their 
properties. 


p? ast 


Design Considerations 


While there are many types of 
chromium steels, to date the grades 
most valuable as an alternate for AISI 
Type 302 are Type 430, free machining 
Type 430F, and Type 430T, a titanium- 
bearing alloy with good welding quali- 
ties, Table I. These alloys most nearly 
approach the popular Types 302 and 
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303  chromium-nickel stainless in 
strength, corrosion, resistance, weld 
ability, and workability. 

Mechanical Properties—In the an- 
nealed condition, one of the principal 
differences between 302 stainless and 
430 grades is in ductility. The elonga- 
tion value of Type 302 is almost twice 
that of Type 430. In the 17 percent 
chromium grade, the smaller spread 
between the tensile and yield strength 
reduces the range of plastic deforma- 
tion. Thus, in forming operations Type 
130 generally can be reduced 20 to 25 
percent in the first draw and about 15 
percent in subsequent draws, but due 
to its wider plastic range, Type 302 
can be reduced up to 40 percent in the 
first draw (see fabrication). 

The temperature at which the prod 
uct will be used is another factor that 
must be taken into consideration. Type 
302, unlike most metals, remains duc- 
tile at extremely low temperatures. 
Conversely, the fracture exhibited by 
Type 430 changes from a ductile to a 
brittle type slightly below room tem- 
perature and therefore this grade is not 
recommended for low temperature use 
where impact resistance is a factor 
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Performance at high temperatures is 
better. Type 430 resists destructive 
scaling and oxidation up to 1,550 F. Its 
low coefficient of expansion and its 
high chromium content causes the tight 
protective scale formed under oxidizing 
conditions to be retained on the metal 
surface. When equipment goes through 
extended heating and cooling, flaking 
is reduced and life extended to an ap- 
preciable degree. 

Nevertheless, Type 430 and its modi- 
fications do not have the high strength 
at elevated temperatures that is char- 
acteristic of the 18-8 stainless steels 
Chromium stainless also has a tendency 
to become brittle at room temperatures 
after prolonged operation at 800 to 
1,000 F. Actually grain growth is the 
critical factor in the use of chromium 
stainless steels at high temperatures, 
and grain size is a function of elevated 
temperature and the time the metal is 
held at that temperature. 

Magnetic Properties — Unlike the 
18-8 stainless steels, the 17 percent 
chromium types are magnetic. Depend 
ing on the exact analysis of the steel, 
annealed permeability may vary from 
400 to 1,900 compared to a 1.02 maxi 
mum for annealed Type 302 

Because of its magnetic properties, 
Type 430 and its modifications should 
not be specified for applications where 
a non-magnetic material is needed such 
as in panels between bushings and 
transformer coil supports 

Corrosion Re 


sistance Ty pe $3 









Table L1I—Spot and Pulsation Welding Recommendations 


I 










Electrode 

















Weld 
Diameter Time 
and Shape* 60 ene Approximate Approx. 
S Zr Welding Current, Diameter| Mini- Mini- 
Thick im Loss Sin ls Amp. of mum mum Minimum Shear Strength in 
ness of | ^ 9.3 Net on és Fused Weld (Contact- Pounds Based on Ultimate 
Thinnest | >+ A Elec- I 1 Zone, Spac- ing Tensile Strength of Metal 
: Pulsa LLL qup 
Outside “de c - trode in. ing, Overlap 
tion : 
Piece x i Force, 15 Cycles Tensile Tensile in. in. 
in Inches Ibs ; - - Strength Strength 
"Tm Below Above 70,000 to 90,000 to Above 
Min. D Max. d off ` 150,000 150,000 90,000 150,000 150,000 
in Inches in Inches ; psi psi psi psi psi 





SPOT WELDING 



























0.006 ! 3/32 180 2 2,000 2,000 0.045 3/16 3/16 60 70 85 
0 008 3/16 3/32 200 3 2,000 2,000 0.055 3/16 3/16 100 130 145 
0.010 3/16 1/8 230 3 2,000 2,000 0.065 3/16 3/16 150 170 210 
0.012 A 1/8 260 3 2,100 2,000 0.076 A 4 185 210 250 
0.014 í 1/8 300 4 2,500 2,200 0.082 14 4 240 250 320 
0.016 L4 1/8 330 4 3,000 2,500 0.088 5/16 A 280 300 380 
0.018 í 1/8 380 4 3,500 2,800 0.093 5/16 A 320 360 470 
0.021 l4 5/32 400 4 4,000 3,200 0.100 5/16 5/16 370 470 500 
0.025 3/8 5/32 520 5 5,000 4,100 0.120 7/16 3/8 500 600 680 
0.031 3/8 3/16 650 5 6,000 4,800 0.130 Lo 3,8 680 800 930 
0.034 3/8 3/16 750 6 7,000 5,500 0.150 9/16 7/16 800 920 1,100 
0.040 3/8 3/16 900 6 7,800 6,300 0.160 5/8 7/16 1,000 1,270 1,400 
0.044 3.8 3/16 1,000 8 8,700 7,000 0.180 11/16 7/16 1,200 1,450 1,700 
0.050 2 í 1,200 ^ 9,500 7,500 0.190 34 ly 1,450 1,700 2,000 
0.056 2 A 1,350 10 10,300 8,300 0.210 7/8 9/16 1,700 2,000 2,450 
0.062 2 í 1,500 10 11,000 9,000 0.220 1 5/8 1,950 2,400 2,900 
0.070 5/8 í 1,700 12 12,300 10,000 0.250 1-1/8 5/8 2,400 2,800 3,550 
0.078 5/8 5/16 1,900 14 14,000 11,000 0.275 1-14 11/16 2,700 3,400 4,000 
0.094 5/8 5/16 2,400 16 15,700 12,70€ 0.285 1-3/8 34 3,550 4,200 5,300 
0.109 í 3/8 2,800 18 17,700 14,000 0.290 1-15 13/16 4,200 5,000 6,400 
0.125 í 3/8 3,300 20 18,000 15,500 0.300 2 7/8 5,000 6,000 7,600 








PULSATION WELDING 





0.156 ] 2 4,000 4 20,700 17,500 0.440 1-7/8 1-14 7,600 10,000 
0.187 1 > 5,000 5 21,500 18,500 0.500 2 1-15 9,750 12,300 
0.203 l 5/8 5,500 6 22,000 19,000 0.530 2-1/8 1-5/8 10,600 13,000 
0.250 1 5/8 7,000 7 22,500 20,000 0.600 2-3/8 1-34 13,500 17,000 











* Use 10 angle for pulsation electrode 


* Minimum weld spacing is that spacing for two pieces for which no special precautions need be taken to compensate for shunted current effect of 
adjacent welds. For three pieces increase spacing 30 percent 





























stainless and its modifications are less 
corrosion resistant in some media than 
the chromium-nickel types 

In the absence of actual service data, 

is strongly recommended that cor- 
rosion investigations be conducted be 
fore replacing Type 302 with Typx 
30. On projects im olving major in 
vestments in tooling, design time, and 
materials money can often be saved by 
testing a prototype which has the same 
kind of joints and is fabricated in the 
same way as the product 


Fabrication Considerations 


Weldmg—High welding tempera 
tures cause grain growth in straight 
chromium steels, and for this reason 
Ty pe 130 should be we Ided by methods 
that heat th« However, duc 
to a low coefficient of expansion, warp- 
age is low, and the material's higher 
thermal conductivity helps diffuse heat 


metal fast 


from the weld zones 


Actually, Type 
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> 1 
150 stainless can Di 


welded by any method except forge 
welding, but joints may be somewhat 
brittle at room temperatures. This is 
true for the following reason: On heat- 
ing, martensite forms around the grain 
boundaries. Annealing in the neighbor- 
hood of 1,400 to 1,500 F tempers the 
martensite and thereby partly alleviates 
the brittle condition, but it will not 
correct grain growth, and the weld is 
not restored to the full ductility of the 
base metal. The use of Type 430T 
improves weld ductility, since titanium 
inhibits the formation of martensite. 
Inert gas shielded arc welding is 
usually specified for sheet or very light 
plate. High rates of travel speed can 
be obtained with this process and the 
amount of fused metal held at a mini- 
mum; and the low heat input along the 
joint minimizes the structural change in 
the nearby metal. An even more rapid 
type of welding is atomic-hydrogen 
arc welding which is used in corner 
joints and edge welds on thin sheets. 


Product 


But it is metal-arc welding that is 
most widely specified. Metal-arc weld- 
ing with a coated rod is handier with 
thicker pieces requiring filler. 

As a rule, the oxyacetylene or gas 
torch welding process is not recom- 
mended for joining either Type 430 or 
Type 430T. It requires too much heat- 
ing of the base metal. Result: consider- 
able grain growth in the weld zone 
plus martensite formation. Table II 
shows that despite annealing, the prop- 
erties of the oxyacetylene welded joint 
are little improved. 

When filler metal is required, it is 
suggested that either a Type 308 coated 
electrode or a 308 bare rod be used 
depending on method. Types 309, 
310, or 347 can also be specified. These 
chromium-nickel materials provide a 
tough, ductile weld metal in place of 
the comparatively brittle Type 430 weld 
metal, but welds made with chromium- 
nickel stainless filler rods cannot be 
color blended to 17 percent chro- 
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mium stainless sheet by polishing. In 
case color matching is important, Type 
430 weld metal must be used. 

In making either flash-butt or upset- 
butt joints, the shortest welding time 
and lowest current possible should be 
specified. The current carrying jaws 
should be as small as possible yet large 
enough to permit adequate flashing or 
upsetting. In this way the amount of 
metal which reaches a temperature high 
enough for grain growth to occur is 
held to a minimum. The upset shonld 
be generous enough to insure a clean 
sound weld. 

Spot welding has the same advan- 
tages for joining straight chromium 
stainless as when used for other mate- 
rials. Recommendations, as established 
by the American Welding Society, on 
electrode shape, machine setting, and 
weld spacing are listed in Table III. 

Corrosion resistance of Type 430 
spot-welded joints deserves attention. 
Under some conditions, folds or 
crevices around the joint afford a point 
for corrosive attack. This so-called 
bleeding or staining can be minimized 
through cleaning and electropolishing 
to remove scale as well as surface 
roughness. 

All weld seams, regardless of how 
made, should be ground or machined 
until smooth, clean, and free of surface 
discontinuities. This prevents corro- 
sion-sensitive crevices from forming. 
Of course, a crevice may be part of the 
joint itself (edge joints, lap joints, 
etc.) or it may occur accidentally when 
a fusion weld is undercut. 

Brazing and Soldering—Chromium 
stainless steels can be copper or silver 
brazed, but silved brazed joints should 
not be exposed under water or in moist 
atmospheres nor should soldered joints 
be depended upon for mechanical 
strength. 

To solder Type 430, the surfaces to 
be joined must first be roughened. A 
stainless steel flux and a solder with a 
tin content over 50 percent should be 
employed. It is especially important 
to remove all traces of soldering com- 
pounds after soldering to prevent cor- 
rosive attack. This can be done by 
washing the joints with a sodium car- 
bonate solution (1 lb soda to 1 gal 
of water). 

Drawing—As previously mentioned, 
Type 430 stainless steel can be drawn 
into deep intricate shapes, but less 
severe drawing operations and more 
frequent anneals are necessary. To 
prevent grain growth, annealing should 
be performed in the 1,400 to 1,500 F 
range, and never higher than 1,550 F. 

When converting to Type 430, it 
may be necessary to increase blank size 
over that used for Type 302, because 
the chromium grades of stainless tend 


to stretch locally and require more 
metal to be flowed into the die. A 
flange should be retained on the shell 
to prevent severe stresses and cracking 
of the side wall as the part ages. 

Because of directional properties, 
the flange on round parts may some- 
times draw into so-called "ears." This 
directionality may also result in a 
"ropy texture on the surface of drawn 
parts. Also, Type 430, like mild steel, 
will also show ‘stretcher strains” in 
some draws, but these can be prevented 
by using temper stock. 

Drawing is easier if the stock is 
warmed before working, and some 
manufacturers suggest that blanks be 
dipped in boiling water immediately 
before drawing. Clearances between 
the punch and die should approximate 
those for mild steel—somewhat less 
than those allowed for 18-8 stainless. 
Radii should be more liberal, may even 
be double those customary for 18-8. 
And dies should be designed for a 
spring-back allowance of from 2-3 
times that specified for mild steel. 

Usually No. 2 strip finish (No. 2D 
sheet finish) is specified for drawing. 
Type 430 is a sharp yielding material 
and will show strain lines if No. 1 
finish soft temper strip is used. 

Swaging, coining, blanking, and 
shearing: In general, these operations 
present no particular problem when 
converting from Type 302 to Type 430 
stainless. It must be remembered, how- 
ever, that stainless steels cannot be 
sheared with the clearances used on 
ordinary steels. Chromium-nickel stain- 
less must be cut almost clear thrcugh 
since it does not srap off or break as 
easily as other materials. Chromium 
stainless steel, however, will break, 
after being cut through to 50 to 75 
percent of its thickness. For annealed 
stainless, the capacity of a given shear 
will be from 50 to 75 percent the thick- 
ness that the shear can handle in mild 
steel. And as a general rule, the shear 
should have a capacity in mild steel 
four or five gages heavier than the 
stainless being sheared. 

Bending: The 17 percent chromium 
stainless steels tend to show directional 
properties with reference to the direc- 
tion in which the strip is rolled. 

Bends of 90 degs on material 18 
gage or lighter usually give no trouble, 
but if the radius is sharp, “orange 
peel” may show at the outside of the 
bend. This can be lessened by specify- 
ing an inside radius of at least one 
metal thickness. If the material is 
heavier, the inside radius of a 90 deg. 
bend should again be at least a metal 
thickness. 

Bends of 180 degs on material 
lighter than 18 gage can usually be 
made if the bend is across the direction 
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in which the strip is roiied. If the 
bend is parallel to the rolling direc- 
tion, the inside radius of the bend 
should be at least one metal thickness. 

Bends of 180 degs on material 
heavier than 18 gage require a radius 
of at least two metal a if the 
bend is across the rolling direction, and 
at least four, if it is parallel to the 
rolling direction. 

Machining: Type 430 stainless is 
easier to machine than Type 302. Even 
so, there is a tendency of the chip to 
gall or build up on the cutting edges 
or radii of the tool. These conditions 
can be reduced greatly by using tools 
sharply ground to a fine finish. 

Turning tools should be ground with 
a side rake of 8-15 deg to allow for 
freedom of cut; a bright top surface 
on the tool will prevent chip build-up 
For drilling operations, the normal 
drill point of 118 deg should be 
changed to 140 deg. It also may be 
necessary to use a chip breaker. 

Threading tools should be ground 
with 10 to 15 deg back hook to ease 
the cutting pressures and improve the 
machined surface. The use of sulfurized 
cutting oil is recommended for all 
threading operations. 

Stainless Type 430F has the best 
machining characteristics of the stain- 
less steel materials. It is being used 
quite successfully on automatic screw 
machines. Like Type 430, it cannot be 
hardened by heat-treatment. It can be 
annealed to around 170 Brinnell, but 
best machinability is obtained at ap- 
proximately 228 Brinnell 

Recommended practice is to follow 
machining operations with immersion 
in a solution of 10 to 20 percent nitric 
acid and 2 percent copper sulphate held 
at 140 to 160 F. This removes con- 
tamination by small particles from the 
tool and prevents dulling of the stain- 
less surface. 

Finishing Operations: Ty pe 430 and 
its modifications are not difficult to buff 
and polish. The rolled finish of these 
alloys is often satisfactory with only 

superficial buffing. Since this par 
ticular finish is not available in Type 
302, finishing operations may prove 
more economical. 

Abrasive polishing, however, may bc 
more expensive especially if the sheet 
has been severely formed; 
stretcher strains and "ropiness" require 
extra grinding for their removal. Fabri 
cators intending to obtain unpolished 
sheets from the mills and complet: 
polishing in their own plants should 
realize that removing defects from th« 
Type 430 surface will take 25 30 
percent more time than for an equiva- 
lent gage Type 302. Even so, Type 430 
stainless steels develop a higher color 
than can be produced on Type 302 
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New 


Ideas 


in 
Composite Metals 


JEROME OTTMAR, 


Vice President, 
Metals 


Metallurgically bonded metal com 
binations can be used to overcome many 
of the engineering limitations of single 
metals and to conserve critical and high 
terials. Practically 


tion of malleable n 


any combina- 
etals can 


cost ma 
now bs 
produced 


Aluminum Base Materials 


Copper clad alumiuum is one of the 
most interesting aluminum base com 
Advantages are lightweight, 
high thermal and electrical 
tivity, and a surface that can readily be 
soldered or electropl: ited If clad only 
on one side, the stel alleviates gal- 
vanic corrosion in many electrical ap- 
plications since the copper side can be 
used against a copper terminal and the 
aluminum side turned toward an alu 
ninum conductor. 

cad and zinc-clad aluminum 
have only recently been put into pro 
duction. These materials have the basi 
teristics of aluminum, 


posites 


con luc - 


hara« and pro 
vide a nonporous surface of tin or zin 
for use as a soft solder base 
Lightweight contact components rc 
quiring no flexing are fabricated from 


silver-clad aluminum—the silver sur 


face layer being a preferred contact 
material. In this instance, weight is 
minimized and the overall material cost 


is reduced since precious metal is used 
only at points of contact 
Alumium base metal can be specified 
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ls Corporation 


to keep the weight of wave guide tub 
ing toa minimum. A fine silver lining 
with a polished surface provides efh- 
cient electron transmission. Silver-lined 
aluminum tubing can also be supplied 
with a thin layer of cop per clad to the 
tube to facilitate soft- 
soldering operations. Equivalent silver- 
lined brass tubing is also manufactured. 


outside of the 


Ferrous Base Metal Composites 
Aluminum clad steel has excellent 


corrosion and heat-reflective 
id heat-resistant properties, and is be- 


resistance 


ing used for such components as heat 
exchanger tubes, liners and component 
parts for space heaters, water heaters, 


and ranges, aircraft fire walls and 
toaster inner parts 
Aluminum-clad low carbon steel 


strips are used to replace pure nickel in 
nany electron tubes. The material 
conomical and further cost reduction 
obtained by the elimination of the 
carbonizing operation required on some 
nickel parts. The clad material is sup- 
plied with a matte finish that provides 
maximum radiation properties after 
parts are “blackened” by firing. The 
radiation coefficient of the “blackened 
mate rial i is 85 percent of a black body. 


Stainless-Clad Metals 


Stainless-clad copper possesses a 
much higher thermal conductivity than 
solid stainless and prevents the forma 
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Table 1—Properties 


Type Yield 
E Condition Strength, 
Hard = psi, 0.2% 
Cu Al Cu 40 % Red.) offset 
10 90 Soft ~ 5,700 to 
7,100 
Hard 18, 500 to 
21,400 
5 90 5 Soft 5,700 to 
7,100 
Hard 19,900 to 
22,800 
20 80 Soft 6,400 to 
7,800 
Hard 22,800 to 
25, 600 
10 80 10 Soft 6, 400 to 
7,800 
Hard 22,800 to 
25,600 
10 0 Soft 7, 100 to 
8,050 
Hard 24,200 to 
27,000 
15 0 15 Soft 7,100 to 
8,050 
Hard 25,600 to 
28,500 
Aluminum Soft 5,000 
Hard 21,000 
Copper Soft 11,000 
Hard 46,000 
tion of hot spots at the point of heat 


concentration 


provides an 


cracking or buckling. 


A 25/50/25 thickness 
ratio of double-clad stainless on coppet 
apparent lateral conduc- 
tivity higher than solid copper. In ap- 
plications such as j 
turbine components, e di ust manifolds, 
and similar parts, the copper core in- 
creases lateral heat flow and prevents 
hot spot formations which might cause 


engine or gas 


Stainless-clad alumium also has 
high thermal and corrosion resistant 


properties. 
shows promise for many applications 

Stainless-clad low carbon steel is a 
low cost combination and is used in 
ap plications requiring the corrosion 
resistance of stainless steel. 


In some bearing applications, 
alloy 


aluminum bearing 
but its low strength makes it unsatis- 
A new composite metal con- 


factory. 


Its further development 


an 


is desirable 


sisting of aluminum bearing alloy clad 
to a steel backing metal provides the 
required strength and fatigue resistance 
and yet maintains the aluminum alloy 
properties on the bearing surface 


Spring Metals 


New composite materials for spring 
components include material consisting 
of grade C phospher bronze integrally 
bonded to both sides of a copper core 
for conductive-spring members. 

This new composite metal is of 
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Tensil 
trength, 


12,800 
15,60 


25,600 
28,506 


12, 800 
15, 601 


25,600 
28,50! 


14,200 
17,10 


27,000 
30,00! 


14,200 
17,10 


27,000 
30,00 


17,100 
19,90 


28,500 
32,80 


17,100 
19,90 


+ 28,500 
32,80 


13,00 
' 24,00 
35,00 
55,00 





erties 


Yield 
Strength, 
osi, 0.2 96 

offset 


~ 5,700 to 
7,100 


18,500 to 
21,400 


5,700 to 
7,100 


19,900 to 
22,800 


6,400 to 
7,800 


22,800 to 
25,600 


6,400 to 
7,800 


22,800 to 
25,600 


7, 100 to 
8,050 


24,200 to 
27,000 


7,100 to 
8,050 


25,600 to 
28,500 


5,000 
21,000 
11,000 
46,000 


it 


g 
ig 
ly 


re 


irious Grades of Copper-Clad Aluminum 
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Vick. hardness Coefficient Erichsen Erichsen 
Tensile 100g load, sheet 0.020 in Heat of linear Elec Elec test, Cu test Al 
trength, psi % Elonga Modulus of Density conductivity expansion resistivity cond- outside outside 
tion elasticity, psi gm /cc cal /cm /sec x10-* ohms /mil % IACS sheet sheet 
Al Cu 0-100C ft. 0.020 in 0.020 in 
"12,800 to | 31-28 33 ~ 70 10,400,000 “3.33 0.54 23.3 16.2 61-63 6.5 6.3 
15,600 
25,600 to 7-5 47 105 
28,500 
12,800 to 31-28 72 10,100,000 3.33 0.54 23.3 16.1 61-63 
15,600 
25,600 to 5 107 
28,500 
14,200 to 33-30 33 70 10,800,000 4.0 0.58 22.5 15.7 64-66 6.9 6 
17,100 
27,000 to 5 46 105 
30,000 
14,200 to 33-30 70 10,250,000 4.0 0.58 22.5 15.2 64-66 
17,100 
27,000 to 5 105 
30,000 
17,100 to 36-34 33 69 11,500,000 4.5 0.62 21.8 15.1 68-69.5 6.9 6 
19,900 
28,500 to 8-6 47 104 
32,800 
17,100 to 36-34 70 10,550,000 4.5 0.62 21.8 14.4 68-69.5 
19,900 
28,500 to 8-6 105 
32,800 
13,000 35 27 5 
9,800,000 
24,000 5 49 2.71 0.52 23.8 17.6 6.4 
35,000 36 52 10.4 100 
16,000,000 
55.000 5 105 8.93 0.92 16.8 5 


greatest value where it is desirable to 
increase the conductivity of the spring 
member and still not increase its cross- 
sectional area. In turn, for any given 
conductivity, a reduction in cross-sec- 
tional area and savings in material or 
space are obtained. A 25/50/25 thick- 
ness ratio has been predominant to 
date 

( opper clad to one or both sides of 
hardenable carbon steel is one of the 
latest composite metals put into pro 
This 
material compares to beryllium copper 
In many respects, but with somewhat 
lower fatigue resistance. Its primary 
advantage is lower cost 

Also, the stiffness is higher for 
copper-clad hardenable steel than for 
beryllium copper. Typical applications 
are fuse clips, thin blade or spiral type 
springs, and clips used for electrical 
connectors not subjected to frequent 
arcing. In other applications, a thin 
layer of copper down to 5 percent of 
overall material thickness provides a 
surface for decorative electro- 
plated finishes. In these instances, the 
thickness of the copper cladding layer 
need only be as thin as 5 percent of 
the overall thickness of the material 


duction for spring applications 


LOC d 


Rare and Precious Metal Cladding 


Zirconium, titanium, tantalum, and 
other similar 
terized by excellent corrosion resistance, 
à high melting point, light weight 


rare metals are charac 
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and other properties which make them 
preferred for specific applications 
Their use has been limited, however, 
because of their high cost and the diffi 
culty of joining them. 

A composite metal, consisting of thc 
rare metal bonded to a common base 
metal, provides a material that preserves 
the surface qualities of the rare metal, 
lowers the overall material cost, and 
simplifies the joining problem. Tita- 
nium-clad steel and zirconium-ciad 
nickel are two typical combinations 
that have been successfully bonded and 
offer possibilities for engineering and 
product applications requiring the 
specific properties of these rare metals 

Platinum, gold, silver, and their 
alloys clad to less expensive and 
stronger base metals have been used by 
the art and jewelry industries for many 
years. These materials are finding in 
creasing use in industry for crucibles, 
electrical contacts and related 
applications 

Techniques of manufacture make it 
possible to supply base materials with 
a precious metal (or other metal) stripe 
positioned at practically any location 
The stripe can be positioned as an in 
lay, edge-lay, or thru-lay. For electrical 
contact applications, a material is used 
where the stripe of preferred metal is 
bonded to the top surface of the base 
to form a rib-like strip that is raised 
above the base metal surface. 

Base metal wire with a 


many 


silv er or 


Handbook 





gold layer on the outside has been pro 
duced and marketed for several years 


Thermostat Metals 


Thermostat metals, one of the older 
types of composite materials, consists 
of two or more metals or alloys with 
differing rates of thermal expansion 
Nickel and chromium alloy 
manganese base alloys, and 
alloy metals are used in various com 
binations to provide composite metals 


steels 
copper 


characterized by a low expansion side 
and a high expansion side. The result 
ing thermostat composite provides a 
action when subjected to a 
The extent of 
this action is predetermined by appro 


bending 
change in temperature 


priate selection of the mating metals 


(See Product Engineering, Augus 


1950) 


Lead-Clad Metals 


Lead clad steel and lead clad copper 
we two recently manufactured 
posite metals. Lead-clad steel combine: 
immunity to chemicals 
with steel's strength and is a very de 
sirable material for the handling of 


sulphuric acid 


com 


lead's certain 


Lead-clad copper com 
bines lead's acid resistance and copper's 
high electrical and thermal conductivity. 
This latter material is useful for appli- 
cations requiring the heating and cool. 
ing of sulphuric acid, or to provide 
improved discharge current for anodes 
replacing solid lead anodes 
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Powders 


Aluminum 
(granular) 


Table 1—Partial List 
of Powders and Their Uses 


Pyrotechnics, chemical 


End Uses 


Cold solder, putty 
caulking compounds, rub- 
ber compounds, chemical 
formulations, plastics, iron 
and steel foundries. 


formulations, X-ray and 
radiation control. 





Cadmium 


Copper (granular) 




















Iron 


Lead 







Manganese 





Nickel 












Silver 










Solder (tin-lead 
Sn variation +1‘; 









Tin 









Zinc 
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Copper base alloys 





Chemical formulations, 
contacts-electrodes, plas- 
tics, greases, plating, X- 
ray and radiation control, 


Rubber compounds, 
chemical formulations, 
bearings, brazing, con- 
tacts-electrodes, corrosion 
resistance, motor brushes, 
filters, friction disks, 
clutches, brake linings, 
machine and ordnance 
parts, printed circuits. 


Rubber compounds, bear- 
ings, brazing, filter- 
screens, friction disks, 
clutches, brake linings, 
machine and ordnance 
parts, special solders. 


Chemical formulations, 
bearings, friction disks, 
clutches, brake linings, 
machine and ordnance 
parts, welding rods. 


Rubber compounds, chem- 
ical formulations, bear- 
ings, brazing, friction 
disks, clutches, brake 
linings, machine and ord- 
nance parts, anti-fouling 
paints, pigments, X-ray 
and radiation control. 


Pyrotechnics, chemical 
formulations, grinding 
wheels, welding rods. 


Chemical formulations, 
bearings, contacts - elec- 
trodes, filters-screens, fric- 
tion disks, clutches, brake 
linings, machine and ord- 
nance parts, grinding 
wheels, welding rods, iron 
and steel foundries. 


Chemical formulations, 
corrosion resistance, anti- 
fouling paints-pigments, 
plastics, plating, radiant 
heating, printed circuits- 
conductive surfaces. 


Grinding wheels, auto and 
truck bodies, radiators- 
heating units, jewelry, 
special solder. 


Chemical formulations, 
bearings, friction disks, 
clutches, brake linings, 
machine and ordnance 
parts, grinding wheels, 
jewelry, special solder. 


Pyrotechnics, chemical 
formulations, corrosion re- 
sistance, special solder. 





Chart courtesy of Metals Disintegrating Co. 
























owdered Metals— 


The properties being obtained and the parts now 


m 
a a s be 


being produced by the powder metallurgy process 
indicate that the field has moved from the gadget 
to the industry stage. Here’s a summary 

of significant developments . . . and ideas for 
adapting them to your products.* 


of wher« powdered i 


Result in alloys having the prin 
1 in industry—for 


ipal characteristics of the two 


ely low strength r more metals from which they 
nd electrical parts pro are produced 
st of a few Permit forming and sintering in 
has been superceded by | single operation. (See Product 
that Engineering 1953 Handbook.) 
Var 1 


Lubricated Components 


E Self-lubricating bearings, Fig. 1, are 
P bu pressed from metal powders, such as 
opper and tin, to which is added small 
percentages of graphite and volatile 


\ parts ha organic compounds. These bearings 
£ S ın be used to when pressed are not solid metal but 
se, S í 1 possess a controlled porosity that can 

equal 40 percent by volume. Oil is 

Enable production— by infiltra stored in the bearing by impregnation 
| r sintering—of ifter sintering so tiny channels between 

ng strength ap the pores act as a reservoir for the oil 


ng that of wrought supply and also act as channels through 


hich the required amount of lubricant 
drawn to the bearing surface by 
apillary action. The rate of flow in 


reases with bearing heat 


tais W 


*BISI Symposium on Powdered Metallurgy 
Michigan Powdered Metal Products Handbook 
Product Engineering 


1 
Basic Materials Conference A relatively new type ol self lubri 
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cating bearing, Fig. 2, is the oil well 
Oil or grease is impregnated into the 
sintered metal by static pressure and 
fills the cavity as well as the pores in 
the metal body. This results in a greater 
oil content than is possible in conven 
tional bearings. 


Porous Components 


Metal powder filters, Fig. 3, are be 
ing used to meet the demand for in 
creased performance and higher qualit 
filtering and screening where paper, 
cloth, and other fragile filtering mate 


: rials are not satisfactory. Filter mate 
i rials are being used to: 1) filter gaso 
à; line, air, oil and other fluids; 2) diffuse 
la streams of liquids and gases; 3) sepa 
rate liquids having different surface 

tensions; 4) meter or control the flow 

of gases and liquids; 5) acts as a flame 

| barrier on equipment used in or near 

j explosive gases; and 6) act as a sound 
a damper on equipment with excessive 


li noise level 

Currently, most powder metal filters 
are made of bronze. These filters be 
A cause of their low cost and excellent 
mechanical properties are used in air 


» craft, chemical, automotive and petro 
a leum fields In instances where corro 
» sion factors are severe, stainless steel 
il filters are usually specified. Some other 
h metal powders that can be used as filter 
it materials are iron, nickel-silver and 
" copper. 

E Filters made of bronze and stainless 


steel, Table IT, have good mechanical 
strength, ductility and shock resistance 
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c 
is 


ay Surprise You 


They are not friable or brittle and 
hence can be “sized” or installed by a 
press ntting operation 


cooling principal, porosity is one of the 
major parameters. A determination of 
the apparent density is insufficient as 


1 it is essential to know if the voids are 
Sweat-cooled Components 


int 


n 
H1 


erconnected. This information can 
Another unusual use of powder be obtained only by flow tests. On 


metals are for components that have flow tests have been made the porosity 


| 
can be linked to the tensile strength 


to be sweat-cooled. A component is 
sweat cooled when the cooling fluid is Fig. 4, shows the effect of porosity on 
forced through the pores of the metal the tensile strength for various mat 

towards the surface exposed to the heat rials. A stress-strain curve, Fig. 5, is 
source. The coolant emerges at the shown for a porous and solid 18-8 
stainless steel. The modulus of elas 
ticity of the porous material is 6.5x10* 
psi. The apparent reduction in E is 


characteristic of porous metal 


surface and forms a heat insulating 
layer and cools the component by 
evaporation 


For components using the sweat lic mate 


Table 11—Grades and Properties, Bronze and Stainless Steel Filters* 


Practical Den 
Material Size of Particles Min Tensile | Elonga sity Poros- 
Filtered Out, Thick- Strength,| tion ity 
in ness, Ib/cu 
Type Grade in psi percent in Percent 
Coarse 0.002 to 0.005 & over 0.090 
Bronze Medium | 0.001 to 0.002 & over 0.060 | 4,000 to 3 0.165 45-50 
6,000 
Fine 0.0005 to 0.001 & over 0.040 
Coarse 0.0004 to 0.0006 & over 0.060 15,000 2 0.191 20-30 
10-15 microns 
Stainless 
Steel Fine 0.00016 to 0.00024 & 0.060 15,000 2 0.191 10-30 
over 
4-6 microns 
*Based on Oilite filters produced by Amplex Division of Chrysler Cort 
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Tensile strength, psi X 10? 
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Porosity , % 


Fig. 4—The effect of porosity on the 
tensile strength of various metal pow- 
ders. Closer control of porosity ean be 
achieved by using a non-metallic vola- 
tile filler with the initial powder, 


0.3 04 
Strain, % 
Fig. 5—Stress-strain curves for a por- 
ous and solid 18-8 stainless steel ma- 
terial. Curves are based on a porosity 
of 40 percent. 


107 10° 
Number of cycies 
ig. 6—Fatigue properties of porous 
copper. Specimens were formed at 
pressures of 45 tons/sq in. and sin- 
tered and annealed at a temperature 
of 1,382 F. for 16 hours. 


400 600 800 
Fig. 7—Comparison of high 


tempera- 
ture tensile properties of SAP and XF 
18S-T61 material. 


1000 


30 40 60 


percent. 


0.5 0.6 


the sw 


rials. Data on porosity vs mechanical 
properties of powdered metals are still 
experimental and further experiments 
ire needed to support these conclusions. 

ttle data are available for 
strength, creep 
ind the effect of temperature on the 
mechanical properties in 
knowledge of the 


such 


pre ype ries as fatigue 


general. A 
fatigue and creep 
properties of sintered metallic proper 
ties is essential in the design of gas 
turbine components where sweat-cool- 
ng IS most adaptable 

Fatigue data for some copper powder 
forms are shown in Fig 6. These forms 
were all cold-pressed, sintered and re 
pressed, and re-sintering produced th« 
innealed specimens 

Some data for pure aluminum pow 
ler are available. A fa 
3,000 psi at 200x109 


limit. of 
cycles IS 


ugue 


given 


for a form pressed at 50 tons/sq 


ind sintered in nitrogen at 1,100 F for 
| hr. The ultimate strength is 17,000 
0,000 psi with an elongation of 19-35 
The fatigue strength of fused 


aluminum is 7,500 psi at 20x10 cycles 


Applications of powder metals using 

at-cooling principles appear to 
gas turbine components, such as 
and other units that are 
a stream of hot 


intense radiation 


sub 


fluid o: 


Machined Components 


Powdered metals allow the forming 
many parts to finished dimensions 
num 


erations, with 


ir allow a great reduction in th 
; machining op 
values 

ught metal. The str 


thi se ol 


noth 


approaching 


o 
o 


Tensile strength, psi X 10 


pressing, hot pr 


practice It 


f 


density and porosity of parts made 
from iron base sintered powders can be 
varied by chemical com- 
position or finishing treatment. Table 
III and Fig. 8, illustrate these changes. 

Powder metallurgy is especially 
adaptable to the forming of parts that 
would be prohibitive in cost by other 
methods. The spur gear, Fig. 9, was 
originally a stamping requiring 12 
operations. As pressed, the only ma- 
chining operation is to burnish hole 
Formerly hobbed, bevel gear, Fig. 9, 
is now pressed and all machining oper- 
ations eliminated. Mower pinion, Fig 
9, was a casting and then finished ma- 
chined. As a powder metal part no 
machining is and wearing 
The pole piece, 
Fig. 9, was stamped laminations that 
had be assembled. The pole piece 
now requires only one machining op- 
eration with better uniformity of elec 
trical characteristics 


changes in 


necessary 
quality is improved 


Alloys 


A strong, high temperature alum- 
inum alloy called SAP (Sintered 
Aluminum Powder) has recently been 
l veloped and has 
ention 


attracted much 
This product shows 
tential for use at 


ind 


increase 


go d po 
temperatures of 800 F 
represents a major 
over othet high 
iluminum 

SAP is produced from fine 


im powder by a 


raturc 
temperature 


tempe 


illoys 

alumi 
combination of cold 
and extrusion 
hot worked 


shapes or drop forgings. In 


essing, 
can be cold or 


nto sheets 


ymposition it 1s juivalent 

















































Table IlI—Values for Various Iron Base Sintered Powders 
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be 
- Chemical Composition Physical Properties 
bk Total 
"C$. other Rp 
ally Iron, elements Hard- Com- 
} 4 min Copper max Tensile ness Density | Porosity|pression* 
E Description percent | percent | percent | min, psi| Min. gm/cc | percent | min, psi Remarks 
Yer 
was Iron base sintering for applica- 25,000 
12 tion to bearings under Type to Can be carburized 
x II, Class B, SAE spec. and 32,000 followed by heat 
ma- for structural parts 85.4 6.0-12.5 3.30 28 5.7-6.2 18-25 | 40,000 treatment 
ole 
E 32,000 Can be carburized 
side, Iron base sintering for wear to followed by heat 
pet resistant structural parts 85.0 2.5-15.0 4.0 45,000 30 5.8-6.3 15-22 | 49,000 treatment 
F F 
"ig 
ma- Iron base sintering, copper Can be heat treated 
no infiltrated for structural parts 42,000 by carbonitriding 
: where porosity is not of prime to and by precipita 
Ing importance 68 15.0-27.0 4.5 55,000 50 6.9-7.4 10-14 | 70,000 tion aging. 
CCC, 
that Can be heat treated 
recc by carbonitriding 
x and by precipita 
op- 50,000 tionaging.Capable 
‘lec Same as above except for higher to of strengths to 
g ] j g 
strengths and density 68 15.0-27.0 4.5 80,000 50 7.1-7.7 6-12 20,000 100,000 psi 
Compression values for a 0.005 in. off set Chart courtesy of Michigan Powdered Metal Product 
um- 
ered 
en mercial 2S aluminum but it contains — growth and recrystallization. In general magnesium, and a decided improve 
" between 10 and 20 percent by weight the strength and creep resistance of ment in the high temperature strength 
po of aluminum oxide. Table IV lists typi- | SAP at 600 F are as much as two to five properties may result 
10 F cal room temperature mechanical prop- times greater than those of convention M : 
um erties. The strength and ductility prop- al aluminum alloys. The fatigue prop Metals and Non-metals 
ture | erties can be varied by changing the  erties are generally superior to those Several examples can be cited: 
| amount and distribution of the oxide. of aluminum at temperatures greater a) The addition of cobalt powder 
umi Exposure to temperatures, Table V, than 400 to 500 Fahrenheit. to high speed cemented carbide cut 
old as high as 900 F for as long as 100 hr The potential importance of SAP as ting tools. 
sion results in a smaller change in the room a structural material has provided a b) Current collector brushes for 
rked temperature tensile properties as com- — stimulus for the application of its basic the electrical industry, where copper 
: In pared to other aluminum powders, Fig. principles to the development of other and graphite are combined to obtain 
se 7. Reason given is that the finely dis- alloys. Studies are underway with such the conductivity of copper with th 
persed oxide phase inhibits grain metals as nickel, cobalt, titanium and lubrication of graphite 
Table IV—dMechanical Properties 
of SAP at Room Temperature 
i 


Tensile strength, psi . | . 50,000 


Yield strength, psi... 32,000- 
(0.2 percent offset) 36,000 


Elongation, percent. . 8-10 


Reduction in area, percent. 10 - 12.7 
i 





Table V—High Temperature 
as of SAP 


Tempera- Tensile Yield 


ture | Strength (Strength psi| Elongation 
F i psi (0.2% offset) 9€ in 2.0 in, 


I 
72 50,000 34,200 10 


40,000 34,000 10 
30,500 
20,600 


č vM t a 


PRODUCTION OF THIN METAL STRIP 

(a) Metal bars 1% im. thick, in mill 
lengths are rolled down to 0.075 in. thick 
“snakes.” 

(b) On this 2-high mill the long “snake” 
is rolled down to a rough coil of metal, about 
0.020 in. thick and then on a 4high mill to 
0.002 inch. 

(ce) Rolled strip is annealed in continuous 
atmosphere furnaces. This annealing strip 
may occur during any stage of the rolling 
process or after precision rolling on the 
Sendzimir mill. 

(d) Precision slitting can be done rapidly 
to tolerances as close as +0.001 in. in widths 
from 0.125 to 9 inches. 

(e) On the Sendzimir mill, which uses 
work rolls less than !4 in. in dia, 0.002 in. 
strip from the 4-high mill can be rolled to 
0.0005 in. with tolerances as close as 
+0.0001 inch. 


Paper-Thin Metals— 


MONROE SHERMAN thin metals. A | 

President, American Silver Co trip can now be rolled to thicknesses molybdenum -iron alloys; cobalt 
low and to tolerances _ nickel-iron alloys 

ich í. Nickel-base alloys—nickel, mo 


lin close toler- nel, Inconel, high nickel permanent 


variety of metal iron alloys; nickel-iron alloys; chrom 


esse 
p include magnet alloys 

Aluminum alloys 5. High temperature alloys 

thin gages and to high pr 2 er base alloys brass. 6. Molybdenum, tantalum, 
tolerances. The develo; rt of | beryllium copper, phosphor nium, zirconium 

new forming techniques has increased bronze. nickel silver 7. Precious metals 
the availability of these materials and 3. Ferrous metals—low and high These metals are produced in 
thus added impetus to design with carbon steels; stainless steels; chrome- widths up to eight inches and in thick- 
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3 METALS AND ALLOYS 


Availability Stimulates Design 


nesses down to 0.0005 inch. Gen- 
erally gage tolerances as close as 
+0.0002 in. are held on thicknesses 
from 0.010 in. to 0.006 in.; tolerances 
as close as +0.0001 in. are held on 
thicknesses below 0.006 inch. 

There have been two major bottle- 
necks to the availability of this thin 
metal-strip—(a) the smallness of the 
quantities required and (b) the lack 
of equipment to roll the very thin and 
de den tolerance gages. 


As an example of the quantity 
problem, to make 100,000 dia- 
phragms for an electronic instrument 
requires only about 50 pounds of metal. 
Such a quantity especially if required in 
a.short time, would usually be refused 
by commercial mills. Even if the exist- 
ing equipment could roll the metal to 
the required size the order would not 
warrant the inconvenience of interrupt- 
ing normal schedules to set up the 
appropriate machinery. 
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Uses for Paper-Thin Metals 

Currently the major uses for very 
thin metal strips are in the instrumenta- 
tion, electronics and aircraft industries 
Pressure vessel bursting disks, dia- 
phragms and magnetic cores are typical 
examples. 

One recent development has been 
the construction of small, thin gage 
cores for high frequency magnetic am- 
plifiers or “flip-flop” magnetic com- 
ponents in computer applications. In 
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the latter application circuit develop- 
ment had reached the point where 
there was no available magnetic ma- 
terial thin enough to reverse its mag- 
netism with the required rapidity. 
Satisfactory results are now obtained 
with 3 percent silicon-steel and 79-4 
Permalloy rolled to thicknesses down 
to 0.0008 inch. Even in these thin 
gages the important magnetic prop- 
erties of high permeability and low 
coercive force are restrained. 

Cores of this ultra-thin material 
have also been made by using ceramic 
spools on which the slit material is 
wound. The magnetic material and 
the spool are annealed as a unit at the 
temperature required to obtain the 
desired magnetic qualities. Only a 
few turns of steel are used on each 
spool, but these are well insulated 
Windings are applied by a toroidal 
winding machine 

There have been some purely com- 
mercial developments in the use of 
these cores, notably for economical 
purposes. Typical examples include 
the use of 0.0005 in. cores in the 
deflection yoke of a commercial tele- 
vision receiver, and the incorporation 
of these cores into the design of the 
transmission for the receiver 

Another interesting application is 
the use of precision-rolled phosphor 
bronze in the manufacture of ultra- 
low-torque potentiometers, which are 
designed for use as transmitters in 
indicating or control (servo) circuits 
The phosphor bronze is rolled down 
to 0.0016 in. to a tolerance of 
+0.0001 in., with a cold reduction of 
11 B&S numbers. Ultra-low-torque 
potentiometers supply torque as low 
as 0.003 oz-in., resistance as low as 
50 ohms and as high as 125,000 
ohms, rotation that is electrically con- 
tinuous, resolution as high as 1 part 
in 2,500, output voltage from 0 to 
100 percent F and 


pi Wer 


voltage, 


linearity as close as 0.5 percent 


of input 


Instruments of this type are in use 


in servomechanisms, computers, and 
telemetering devices of all kinds. Ap- 
plied to altimeters, gyros, pressure 
gages, air-speed indicators, accelerom- 
eters and compasses, they become elec- 
trical transmitting units capable of 
directly operating remote indicating, 
recording, or controlling equipment. 
The small size, weight, and force input 
have permitted designers to miniaturize 
assemblies which formerly were too 
bulky. 

Beryllium copper is used in Air 
Force and Army and Navy type mani- 
fold pressure gages—when the metal 
strip has been rolled to exceptional 
thinness and tolerances. These gages 
are designed to indicate the pressure 
in the intake manifold of an aircraft 
engine. The precision-rolled beryllium 
copper functions in the all-important 
diaphragm assembly. 

A prominent instrument manufac- 
turer is using ultra-thin metals in the 
fulcrum springs on combination fur- 
nace controls and snap switches. Thin- 
rolled Monel is used by a wire cloth 
manufacturer to make the metal clips 
on the ends of refrigeration dryers 
And precision rolled stainless steel 
strip stock is utilized by still another 
company to make micro ball-bearing 
retainers. 

There is a growing demand for a 
steel shim stock rolled to precision 


Table I—Reduction Schedule 


Type 302 Stainless Steei, Annealed 
at 0.008 in. 


Pass |Thickness, in. | Percent Reduction 
0.0080 
0.0050 
0.0040 
0.0030 
0.0026 
0.0022 
0.0018 
0.0014 
0.0012 
0.0010 


37.5 
20.0 
25.0 


o2 
w 


24 hà 96 Z' 
-] 22 t3 h3 4 o 


m IND) mm 


thickness tolerances. Some companies 
have changed their manufacturing 
methods to take advantage of these 
new micro-shims. Manufacturers, for 
example, who once machined parts to 
within 0.001 in. tolerance by expen- 
sive precision grinding, now produce 
the same parts to commercial toler- 
ances and make up the difference with 
micro-shims in increments of 0.0002 
in. with a tolerance of +0.0001 in. 
High accuracy can be obtained with 
considerable cost savings. 


This micro-shim stock is made from 
low carbon steel conforming to AISI 
C 1010 specifications. It is rolled on 
precision cluster mill equipment to 
gage tolerances of +0.0002 in. on 
thicknesses from 0.010 to 0.006 
inch, and +0.0001 in. on thicknesses 
below 0.006 inch. The shim stock 
is furnished with a thin and uniform 
film of oil in single 6 by 100 in. steel 
rolls. i 

In the clad metal field, thin strip 
promises savings where precious or 
hard-to-get materials are required. A 
low cost base metal can be clad with 
a thin strip of the specific metal re- 
quired for the surface qualities desired, 
such as corrosion resistance, electrical 
properties or thermal conductivity. 


Other uses for precision metal strip 
include decorative trim, instrument 
paneling, flow regulators, permanent 
magnet assemblies, variable condensers, 
locator parts, and telemeter and gyro 
parts. Thin beryllium copper strip is 
being used on radar jobs and on sound 
recording machines; precision rolled 
nickel alloys are being applied to jet 
aircraft, heat treating and chemical in- 
dustries. 


Design possibilities exist for these 
very thin metals wherever a product 
must be made smaller or lighter, where 
precious or hard-to-get metals are re 
quired, or where special magnetic and 
electrical qualities are needed. Avail 
ability will lead to new uses 


Fig. 3—(Left) This exceptionally low-torque potentiometer for indicating or control circuits uses thin, high-precision 
phosphor bronze strip. (Right) The micro switch utilizes 0.0005 in. thick beryllium copper strip for its contact springs. 
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Developments to 


HIGH TEMPERATURE METALS 
The NACA, in a report prepared 

by W. H. Woodward, recently took a 
look at some of the newer high tem- 
perature materials being used for air- 
craft. 

Bucket Alloys Current turbine 
buckets are well illustrated by S-816 
a forging alloy of 20% chromium, 
20% nickel, 44% cobalt, 3.75% co- 
lumbium, 4% molybdenum and 4% 
tungsten. Molybdenum shows promise 
from a strength viewpoint at even 
higher temperatures than encountered 
on today’s engines but has low oxida- 
tron-resistance. 

Two approaches are being followed 
to remedy this deficiency. One is to 
boost oxidation-resistance through ad 
ditions to the metal. This poses diffi- 
ulties because most of the additives, 
such as aluminum, chromium, nickel, 
and titanium, cut strength, least in 
the amounts needed to improve OXI- 
dation-resistance. 

The second approach is through 
suitable protective coating. No ade 
= coating yet has been developed 

ither ceramic or metallic. Also, 

ind is some question of relying on a 
once the coating is 
broken molybdenum at high tempera- 


} 
[ 


coating because 
ires will oxidize as readily as a match 
surns. The solution may be a compro 
mise—the combination of a partially 


resistant alloy and a protective coat 
ing Í 

The chrome-base alloy group also is 
under consideration alloys with high 
chromium content (60-90%) 
nickel and other elements 

With these, the problem is to get 
enough ductility. The appears 


be in getting pure, chrom 


plus 


answer 
ductile 
in these alloys 

As an intermediate step, a number 
ot alloys have been developed in the 
past two have nickel. 
chrome molybdenum makeup primari- 
ly. They were brought into the pic- 
ture because of the pressure to elimin- 
ate cobalt and columbium. These al 
loys -are similar to Nimonic 90—a 
British alloy with 20% chromium, 
55.5% nickel, 20% cobalt, 2.5% ti- 
tanium, and 1.26c aluminum 

Thus, the columbium has been 
eliminated and the cobalt pared by 
50% when compared to S-816. The 
American further 
duced, and in one case have elimin- 
ated, the cobalt. But these gains have 
involved twice the amount of nickel 


ium for use 


vears. These 


deve lopments have 
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Cermets or ceramals represent an 
other class of promising high tem- 
perature materials. The materials suf. 
fer from brittleness and low ductility, 
but offer excellent strength, oxidation- 
and thermal-shock resistance. Also, 
their relatively low densities—1^ to 
34 that of high-temperature alloys 
offer a decided advantage in rotating 
parts. 

Several experimental turbines now 
being run embody the material. A bar 
rier to be hurdled involves a suitable 
attachment which will accommodate 
the low ductility. 

Ceramic constituents 
nclude titanium carbide, 
carbide, aluminum oxide, molybdenum 
disilicide and chromium carbide. The 
more refractory metals 
mium nickel and cobalt are the com 
metal 


study 


tungsten 


under 


such as chro 


mon constituents 

HIGH STRENGTH STEELS 

Use of precipitation hardening stain 
less steels for aircraft applications com 
bine a trernendous advantage with a 
serious limitation. The advantage is 
high strength; the limitation is ex 
treme brittleness 

Several companies are investigating 
The October 1953 is 
Product Enginee ring discusses 
practices at the Lockheed Aircraft 
Corporation. North American. A: 
tion is utilizing several materials, 
cluding the following: 

17-4 PH—Composition 
percent Cr, 3.5 percent Ni, 3.5 per 
cent Cu, 0.35 percent columbium and 
remainder iron, and tantalum. Can be 
heat-treated to 180;000-210,000 psi 
by precipitation hardening at 850 to 
900 F for one hour and air cooling 
Has low transverse ductility. Being 
used for hoisting eye assemblies, firing 
pins for rockets, and small hydraulic 
cylinders. Essentially a bar and forg 
ing alloy 

17-7 PH Composition is 17 per 
cent Cr, 7 percent Ni, 1 percent Al, 
and remainder iron. A sheet and wire 
alloy. Heat-treatable to 180,000 ņț 
ultimate tensile strength, 150,000 psi 
tensile yield, and 150,000 Psi compres 
sion vield Heat-treated at 1,400 F for 
l^ hr. air-cooled to 60 F, aged at 
1,050 F for one hr, and air-cooled 
Used instead of 14 hard Type 302 al 
loy for combined hat sections, 


these materials. 
sue of 


16.5 


*&1 


frames 
and channels, and other drawn parts 

In wire form, the material 
tained in the cold worked condition 


is ob- 
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Watch 


and aged at 850 F for four hr. Used 
1 place of music wire 

Stainless W—Iron casting alloy con- 
taining 17 percent Cr, percent Ni, 
and 1 percent Al and Ti. Precipitation 
hardened to 180,000-220,000 psi by 
hardening for one hr at 950 F. Used 

place of 15 H Type 302 stainless 
when forming is not 
ductility is much lower than 17-7 PH 

All of the above types have suitable 
corrosion aircraft 


severe, since 


resistance for most 


applications 


CLAD SCARCE METALS .. . Eco 
nomical corrosion protection and high 


mpe rature resistance may be obtaine ] 


] 


by cladding steel backing with titanium 


tantalum and zirconium to spread out 
ritical supply. Titanium has already 
been successfully applied as a claddit 

vaterial as have nickel, ! Inconel] 


1 
Present rcialls avail 


| 
i 


magnesium comme 
ible backing ste« 
1,000 F because 


clad steels unde 


5 An 
ibove 
new 
resolve this problem 
CONTINUOUS CASTING AND 
EXTRUSION Several of th« 
large steel producers have been ex 
perimenting with continuous castit 
With dew 
ment of the Ugine-Sejournet hot 
the industry for th 


steel for several years 


trusion 


process. 


I 
first time has the opportunity of team 
ing continuous casting with hot ex 
trusion to obtain a continuous produc 
At least one manufacturer 


els has an installat 


tion process 
of alloy ste 
ted and in experin 
The Ugine 
»l 1 


glass as a die lubricant 


tIon com 


ental production 


Sejournet process utilizes 


I 
inst id of gra 


phite or other carbonaceous materials 


The hot 


fibe r mat on its way 


billet is rolled across a glass 
extrusion 
press; glass thus fuses e exterior 


When a 


igainst the die, the part 


glass cartridge is placed 
is completely 
parated from the die by a liquid 

hollow, 


If the 


such as a tube, 


rlass film 


also be placed ove the mandt 

The result of this method of lubrica 
tion is that there is little die wear, and 
| material 
surface of the part. Both Bohn 
Brass and Babcock & 
d this method for ex 


um; the latt 


xtrud 


onsequently no pick-up of dic 
on the 
Aluminum and 


Wilcox have us 


trusion of titan 
i 3 
Iso has successfulh 

i 


molybd 


$ ! 
s ainle ss steels, 


i ^ 
ir Croloy allovs 





al-Purpose Steels 


STAINLESS 
STEEL 


This stainless steel paunch truck for meat packers is only 
one of many hundreds of applications of Armco Stainless 
Steels in industrial, institutional, household and architec- 
tural products and equipment. These steels offer excellent 
corrosion resistance, high strength and beauty as well as 
heat resistance up to 2000 degrees F, Produced by Armco 
in more than 30 standard analyses and special types too 
in sheets, strip, plates, bars and wire. 


ZINCGRIP* 


Here is an example of a deep-drawn part of Armco 
ZincGRIP. This special hot-dip zinc coated sheet does not 
flake or peel in severe forming or drawing operations. 
Gives longer protection against yellow rusting in atmos- 
pheric service than equal-weight ‘‘coating’’ on regular gal- 
vanized sheets. Supplied in ZiNCGRIP PAiNTGRIP* when 
Bonderized surface is required for immediate painting. 


ALUMINIZED" 
STEEL 


This adding machine stand is made of welded tubing 
because tubular construction — pound for pound — is the 
strongest. known. Armco Welded Steel Tubing is sup- 
plied in round, square, hexagonal, octagonal and special 
shapes. It is readily fabricated, easily and effectively 
joined through fasteners, welding or brazing. Let us help 
you redesign your products around tubing. 


Bakery oven sheathed with porcelain enamel on Armco 
Enameling Iron. This is the same highly-refined iron used 
as a base for regular and acid-resisting porcelain enamel 
in household appliances, formed steel plumbing ware, 
signs, buildings and processing equipment. Porcelain 
enamel is fused to it at temperatures around 1550 F and 
holds the enamel in a lasting bond. 


Automotive mufflers made of Armco ALUMINIZED Steel last longer in service 
because they withstand a combination of heat and corrosion. This steel 
sheet coated with molten aluminum by a patented hot-dip process takes 


temperatures up to 900 degrees F without discoloration, and up to about 
1250 degrees F without destructive scaling. Up to 900 degrees F reflects 
80 per cent of the radiant heat thrown against it. Consequently it is widely 
used for toaster interiors, reflectors for infra-red ovens, combustion cham- 
bers and tubes of space heaters, oven liners and many other applications. 
* ® U. S. Patent Office 
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or top quality products 


Check the coupon for these free catalogs 


Free catalogs on all Armco Special-Purpose Steels are 


available to design engineers. They contain detailed information about 


the various grades, including sizes and properties. 


Armco Stainless Steels, for example, are described in a 
complete new catalog. In addition to a description of all 
types and finishes, the booklet offers detailed corrosion 
resistance tables, physical and mechanical properties for 
sheets, bars and wire, high-temperature test data and lists 
sizes available. 

Besides stainless steel products, Armco makes special- 
purpose sheet steels for practically every requirement, 
commodity sheet grades and tubing as well. 

Just check the various Armco Steels you are interested 
in; then check the corresponding numbers on the coupon 


and mail it today. You'll receive your booklet promptly. 


iia 
CORPORATION 


4703 CURTIS STREET, MIDDLETOWN, OHIO 
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[hese Booklets Free 


1. Armco Stainless Steel General Catalog 

2. Armco ZINCGRIP and ZINCGRIP PAINTGRIP 

3. Armco ALUMINIZED Steel 

4. Armco Cold-Rolled PAINTGRIP 

5. Armco Welded Steel Tubing 

6. Surface Finishing of Armco Stainless 

7. Machining of Armco Stainless Steels 

8. Drawing, Forming, Spinning and Cutting 
of Armco Stainless Steels 

9. Welding and Soldering of Armco Stain- 
less Steels 


10. Heat Treating, Forging and Pickling of 
Armco Stainless Steels 

11. Stainless Fabricating Tips 

12. Armco Extra-Low Carbon Stainless Steels 


Cut out and mail this handy coupon 


ARMCO STEEL CORPORATION 
4703 Curtis Street, Middletown, Ohio 


Send me the free booklets | have checked. 


rando c iR 
7 t ARDE, SEE A 11 


We manufacture 
NAME___ 


COMPANY 





QUALITY TUBING FOR YOUR MOST EXACTING REQUIREMENTS 


NIKOH ... America's most modern tube mill... will design 
and produce the right tube for your needs. NIKOH is geared 

D > for the quantity production of highest quality electric weld 
steel tubing... tubing that consistently meets the exacting 
requirements of industry and government. 


Take advantage of our complete facilities and services. When 
you order steel tubing, always specify NIKOH Quality Tube. 


Write for Illustrated Brochure 


MAY WE QUOTE ON YOUR TUBING NEEDS? 


NIKOH TUBE COMPANY 5000 S. WHIPPLE ST. - CHICAGO 32, ILLINOIS - GROVEHILL 6-6500 
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for AIRCRAFT 


for TRUCKS 


Y. 
UB 


for TRACTORS 


for HARVESTERS 


for DIESELS 


REYNOLDS WIRE DIVISION, Nnationat-stanoaro co., DIXON, ILLINOIS 


-....... Flat, High Carben, Cold Rolled Spring Steel 


ATHENIA STEEL..Clifton, N. J. 
Divisions of National-Standard Co NATIONAL-STANDARG... Ni les » Mis che. oa mo —— — MM 
; TT TET WAGNER LITHO MACHINERY Jerse ey City, 


N.J. tal Decorating Equipment 
WORCESTER WIRE WORKS. Worcester, Mass....Reund and od Stee! Wire, Small Sizes 
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WOO 
TOCS 


You ought to have 
a copy of our 


PUBLICATION LIST 


This 8-page bulletin lists and 
describes all the current pub- 
lications on the principal 
famiiies of A-L Products 
stainless and heat-resisting 
steels, tool and die steels, 
electrical steels and alloys, 
permanent magnet materials, 
and Carmet carbides. There 
is a handy order form for 
your convenience in getting 
the material you need: tech- 
nical and fabricating data, 
information on applicatidns 
and fields of utility, etc 
Write for your copy. 


ADDRESS DEPT. PE-47 


You don't have 


to shop around... 


Allegheny Stainless 


is produced 


/ in every form 


' you may need 


quem your stainless steel re- 
quirements may be, you can satisfy 
them with Allegheny Metal. 

It's produced in any grade, form or 
finish you want—from the finest wire 
to heavy plates, castings and forgings, 
including sheets, strip, bars, shapes, 
tubes—everything! 

That's not only handy, but advan- 
tageous: one reliable source, one un- 
divided responsibility, one well-known 


standard of quality and uniformity. 
Complete technical and fabricating 
data—engineering help, too—are yours 
for the asking. Just keep it in mind to 
specify "Allegheny Metal" when you're 
in the stainless market. And remember, 
wherever you use it, Allegheny Metal 
looks better, lasts longer, usually works 
out to be cheaper in the long run. 
Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgb 22, Pa. 


You can make it BETTER with 


Allegheny Metal 


Warehouse stocks carried by all Ryerson plants. 
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New facts for your file on 


YSS HIGH STR 
















Builder of concrete mixers has 
good reasons for using U-S-S 
COR-TEN steel construction 


We prefer U:-S:S Con-TEN steel," says 
Mr. Ross Castendyck of the Challenge 
Manufacturing Co., Mavwood, Cal., 

because of its superior corrosion and 
abrasion resistance as well as its high 
strength. These permit us to reduce our 

Mixer weight 104; to 154; and at the 
same time make it possible to build a 
20% stronger unit that will stay in serv 
ice at a lower maintenance cost.' 

We will be glad to show you how this 
superior high strength steel can be most 
economically applied to make your equip- 
ment more durable and more efficient 


e] | 


WHAT IS U-S-S COR-TEN 
HIGH STRENGTH STEEL ? 





U-S-S Cor-Ten is a ductile, low-carbon chro- 
mium-nickel-silicon-copper-phosphorous steel 
having a yield point of 50,000 psi min and a 
tensile strength of 70,000 psi min. in thick- 
nesses '>” and under 


Its resistance to abrasion and shock is supe 


r to structural carbon steel ts fatigue re 
sistance—that is, its ability to withstand re- 
eated stresses- is 60 greater 

What particularly distinguishes U-S-S Cor- 
I stee s its unusually high resistance to 
atmospheric yrrosion—4 to 6 times that of 
‘lain steel, 2 to 3 times that of copper steel 
This property helps to assure the long life and 
w maintenance cost of any equipment, sub 

t t rusting n which Cor-Ten steel is 
sed, whether to obtain greater durability or 
to reduce weight 

U:S:.8 Cor-Ten steel is produced in all 


standard products—plates, shapes, bars, sheets 
strip, special cold-formed sections and wire 
Recommended particularly for application in 
light and intermediate thicknesses 


UNITED STATES STEEL COMPANY, PITTSBURGH 


NATIONAL TUBE DIVISION, PITTSBURGH TENNESSE 


U N LAE 








saves $725 


HE 242 gallons of gasoline that ride 
Ta place of the 1500 lbs. of steel 
saved, are hauled at no extra cost. Each 
of these free-riding gallons provides 
about $3.00 per year extra revenue—a 
saving in delivery costs that totals 
$725 annually. 

In addition, the lighter weight of this 
equipment pays off for the operator in 
lower license fees, in reduced fuel con- 
sumption, in less wear on brakes and 
tires, less wear on the vehicle itself. 
And because U:S:S Cor-TEN steel has 
1 to 6 times greater resistance to atmos- 
pheric corrosion than plain steel, and is 
more resistant to load surge and road 


D 8 Am 2 v 


ENGTH STEELS 






















































Here U-S-S COR-TEN steel reduces weight 1500 Ibs. 
er year in hauling costs. 





By using U:S:S Cor-TEN high strength steel in lighter gages, in place 
of carbon steel, the Beall Pipe and Tank Corporation, Portland, Oregon, 
has reduced tank weight in this 8100 gal. unit by three-quarters of a ton. 


vibration, this equipment will stand up 
better and cost less for maintenance 
and repairs 

These savings are typical of light- 
weight construction with Cor-TEN 
steel and they are practically all clear 
profit. That is because U:S:S Con-TEN 
steel construction saves weight at low- 
sometimes costs no more than 
heavy carbon steel construction 

By using U:S:S Con-TEN steel to re- 
duce weight, the equipment builder also 
benefits. For by saving weight, he saves 
steel which makes his steel supply go 
further. That's important anytime 
but especially important now. 


est cost 


29,725 mine cars have been built 
with U-S-S COR-TEN steel 


Why? Simply because U:S:S Con-TEkN steel gives 
equipment the stamina to stay on the job. Wit 
ness this mine car, one of 22 built by C. S. Card 
Iron Works Company and put into service in 
1941 in a western copper mine 

Though designed to be used with a 1 grizzly 
the cars were loaded from a 24” grizzly handling 


chunks of very abrasive ore twice as large as 
they were designed for. Despite this and after 
operating eleven years under highly corrosive 
conditions, the cars are still on the job and ready 


for more service although each car has handled 
more than 85,000 tons of or« 

With tougher, stronger Cor-TEN steel not only 
mine cars, but buckets, skips and cages, shovels 
trucks, scrapers, dozers, carryalls, etc. can be 
built to last longer and do more work 
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You'll find the grade — 
the finish you want.. 










GRADES PRODUCTS 


U:S-S DESIGNATION 


















A.1.5.1. TYPE 


300 SERIES SHEETS 


















































301 U-S-S 17-7 

302 U-S-S 18-8 Finishes —No. 1—No. 2D—No. 2B— 

302B No. 4—No. 6—No. 7 

303 U-S-S 18-8FM Thicknesses —from .010 to .1874 

304 U-S’S 18-8S Widths —from 24 to 72 

304L U-S-S 18-85 C.03 Max. Lengths —up to 196 in cut lengths 

305 U-S-S 18-8FS Also available in coils up to 48 

308 U-S-S 20-105 (only in unpolished finishes) 

309 U-S-S 25-12 

309S U-S-S 25-125S PLATES 

1 i 

-— : I : E EE Finishes —HR—HRA—HRA&P—No. 4 Finish | 

314 US'S 25-205 Thicknesses | —.1875' and heavier | 

316 USS iddi Widths —over 10" to 132 | 

Pen Lengths — up to 480 

316L U-S:S 18-8Mo C.03 Max. | 

TS316 | 

















317 U-S-S 19-9Mo ANGLES 

318 US'S 18-8MoCb Finish —MBASP 

vic —— Thicknesses from 4" to 1% 

347 US'S 18-8Cb Sei hem 36" x 36" to 8" x8 
— Lengths —up to 360 





TS347A 


BARS—Rounds, Squares, Octagons, Hexagons 






400 SERIES 











U'S’S 12 Turbine Finishes HR—HRA—HRA&P—CD 

US'S 12AL RT—CG—CG & Polished (Rounds only) 
USS 12 Sizes from '2 to 8% 

US'S 12FM Lengths up to 360 


















17 





SEMI-FINISHED —Blooms — Billets 





to 22 
to 22 


Thicknesses —from 4 


Widths from 4 


FLATS 





HR 


from 


Finishes CD 












HRA —HRA&P 
Thicknesses Ye" to 2% 
Widths from 3⁄4” to 10 
500 SERIES Lengths —up to 360 


































the size you want... 


..| in USS Stainless Steel 


YTAINLESS STEEL wire as thin as a 


PRODUCTS hair or as thick as your thumb 


. . . Stainless Steel plates “‘as big as 


the side of a house" . . . Stainless 
WIRE—Coils and Straight and Cut Steel pipe and tubing in a wide range 
of analyses and in all commercial 
Finishes —Copper, Lead, Tin, Galvanized, Wax, sizes... you get them from United 
Bright, Oil, Soap, Lime States Steel. 
Sizes —from .008 to.500 You have the widest possible free- 
Lengths —from 12° to 22 dom in selecting the grade, shape 
and finish that fit your design and 
COLD-ROLLED STRIP—Coils and Straight and Cut fabricating procedure. And we'll be 
glad to discuss the special orders that 
reas —No. 1, No. 2 may go beyond the catalog range. 
— — —— — CH Keep in mind, too, the fact. that 
Widths — from “6 to 23 F 
our mills have roll passes for an un- 
Lengths —from 12" to 20 


usually broad range of sections for 

special applications. New rolls can 

TUBING be cut for others if requirements 

Finishes Standard Pickle, Grit No.'s 80, 120, 180 justify the need. 

320 ond range polishing Along with this wide selection goes 

O. D. Sizes — P to 9 top quality when you use U. S.S 

Stainless Steel —a perfected, service- 

tested material that is made to give 

the finest performance, both in fab- 
rication and in end use. 


Lengths Comparable to other carbon, alloy 


cold-drawn tubing 


You also receive the assistance of 
our representatives in helping you to 


j dd : : : : 
All these products are available in the South cut fabricating costs and achieve the 
from Tennessee Coal & Iron Division 


soil te diem ites Coane Catia eee Manchin best results through selection of the 


proper grade, size and finish for your 
job. 

For everything you want in Stain- 
less Steel, come to “Stainless head- 
quarters’’— United States Steel. 





U-S-S STAINLESS STEEL - 


SHEETS STRIP PLATES BARS BILLETS PIPE TUBES WIRE SPECIAL SECTIONS 





UNITED STAT?IS ks cs 
































New facts for your file on 








MALA om 


U-S-$ COR-TEN steel gives greater 
Strength and corrosion resistance 
to earth-moving equipment 


iggedly-designed bulldozer 
built by Pullman-Standard Car Manu 


( 


facturing Company 


In this rı 


moldboard face 
plates have greater strength and in 
creased corrosion resistance because 
they are made with U:S:S Con-TEN 
l'his superior high strength steel 


has been used for many years in all 


sorts of heavy-duty earth-moving and 


materials-handling equipment. Its us 


increases strength due to a 50 higher 


yield point, assures 4 to 6 times the 


atmospheric corrosion resistance of reg 
ular carbon steel, and provides greater 
resistance to impact and abrasion— all 


benefits that can be obtained it abso 
lutely no increase in weight 


U-9-$ HIBH. STRENGTH 





STEELS 





U-S-$ COR-TEN steel increases strength 
and durability of ironer parts . . . 
materially reduces die maintenance costs here 


@ Ironrite, Incorporated, Mt. Clemens, 
Michigan, manufacturers of the Iron- 
rite Ironer, reports the following results 
since they switched from carbon steel 
to U'S'S Cor-TEN steel for cabinet, 
wings and lapboard: 


1. They obtain a sturdier, more dura- 
ble, longer-wearing cabinet, because 
U-S:S Con-TEN steel has a yield point 
50°%, higher than carbon steel and offers 
much greater resistance to dents. 


— 


In 1933 the first heat of U:S:S High Strength 
Steels was shipped to a customer. Since 
then over 2 million tons of these “‘steels that 
do more" U:S:S Cog-TEN, U:S: S MAN 
Ten and U'S’S Tri-Ten have been pro 
duced. They have been used to make more 
than 170,000 freight cars lighter or stronger 
to build buses lighter and safer to 
reduce weight in trucks so they can haul 
more payload to make mine equipment 
and earth-moving machinery stronger and 
tougher to give the farmer sturdy and 
durable tractors and implements. L-P gas 
cylinders, water heaters, and a multitude 
of other products last longer, weigh less 
making them easier to handle ind cost less 
to ship when made with U:S:S High Strength 
Steels. If you'd like to add their money 
saving advantages to your product, write us 
United States Steel Corporation, 525 William 
Penn Place, Pittsburgh 30, Pennsylvania 


HIGH 
STRENGTH 


mz Xu» 
Um s MAN 
YEARS Qr PERFOR 








2. Ironer parts have a smoother, more 
even finish, because Cor-TEN steel 
offers much better adherence to baked 
enamel than carbon steel. 

3. Their die maintenance costs are ma- 
terially reduced. Dies wear longer, re- 
quire less maintenance, because U:S:S 
Cor-TEN steel is consistently uniform 
in quality and flows smoothly and 
evenly in the dies. 

4. Lapboard and wings are stronger 
yet weigh less. The greater strength of 
U-:S:S Cor-TEN steel makes it possible 
to use it in lighter gages than carbon 
steel. This reduces the amount of steel 
required, yet assures greater stiffness 
and durability. 


Rubber-curing chamber is lined 
with U-S-S COR-TEN steel to provide 
resistance to deterioration 


Foamex cushions at Firestone Indus 
trial Products Company’s, Fall River, 
Massachusetts plant, are processed in 
this curing chamber, 340 feet long, 10 
feet wide and 6 feet high. When in op 
eration, steam at atmospheric pressure 
fills the chamber—constant wetting and 
drying induces corrosive action that 
deteriorates ordinary steel construction 
lo overcome this, the manufacturer, 
Mechanical Handling Systems, Inc., 
Detroit, Mich., lined the chamber with 
U:S:S Cor-TEN steel, which has 4 to 6 
times the resistance to atmospheric cor 
rosion of plain steel. User is reported 
highly pleased with results. 


UNITED STATES STEEL CORPORATION, PITTSBURGH * AMERICAN STEEL & WIRE DIVISION, CLEVELAND * COLUMBIA-GENEVA STEEL DIVISION, SAN FRAN 


NATIONAL TUBE DIVISION, PITTSBURGH - 


U N 





TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 


La x 


STATES 


* UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIB 


STEEL 
































OW 
HAYNES 


rRADE-MARK 


' | Alloys 


n 


d 


; omb at 


n 


3S 


WEAR... 
HEAT... 
CORROSION 





For descriptive literature on 

any of the Haynes alloy prod- 

ucts mentioned, or on-the-job 

help in solving your problems 

of wear, heat, or corrosion, 
| write or phone the nearest 
District Office. 


HAYNES 


TRADE-MARK 


10 Years’ Service —Wire-straightening 
rolls cast from Haynes STELLITE alloy are 
still in good shape after 10 years of service, 
despite severe abrasion. Steel rolls wore 
out every three or four months. 


Resist 1800°F.— Used for pack annealing 
metal parts, the steel container at the left 
disintegrated in 20 hours. The Muttimet 
alloy container (right) stood up for 23 
years and was still good for more of this 
tough service, 


m 


4 to 1 Life in Hot H,SO,—Hasrettoy 


alloy paddles show no loss in Cross sec tion 
after carrying steel tubing in and out of a 


pickling solution for over a year. Other 


materials failed in less than three months. 


Saves $10,000 a Year—One steel com- 
jany saves $10,000 a year in down time 
by hard-facing tong bits with Haynes 
STELLITE alloy No. 6. Steel bits last one hour: 
hard-faced bits last up to 50 hours. 


These for g 


Produce 300,000 Pieces 
ing rolls, hard-faced with HasrELLov alloy 
C, produce five times as many brake shoe 
keys as unprotected steel rolls. The rolls 


reach a temperature of 900 deg. F., and 


the work 1700 deg. F 





Corrosion Rete Only 0.007 in. per yr. 
This pickling assembly, made from 
HasrELLoY alloy B plate, operates in an ag- 
itated, heated solution of sulphuric a« id. Cor 


rosion rate is onlv 0.002 to 0.007 in. per vea: 


Haynes Stellite Company 


f A ^ t fx 
fi {/ , 
> oe 


A Division of 


Union Carbide and Carbon Corporation 


General Offices and Works, Kokomo, Indiana 


Sales Offices 


» Chicago — Cleveland — Detroit — Houston 














v Los Angeles—New York-—-San Francisco— Tulsa 


ond "Multimet" ore trade-marks of Union i à hd fs v aM 


"Haynes, Haynes Stellite," "Hastelloy, 
Carbide and Carbon Corporation. 
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try Bishop . . . specialists 
in materials for 
corrosion resistance 


@ SIMPLIFY MAINTENANCE 





nless Steel Tubing 


"^ fo 1'' OD (Also Nickel, Monel and K-Monel) 


N 
C 
2277 scd } 
Sh i Me” 
Z Platinum N Mechanical Tubing 
f p" Capillary Tubing 
jv (and Platinum Group Alleys) a 
Y a á c 
aI E " Fabricated Stainless 
F NN Hypodermic Tubing Steel Tubular Parts 
N 
SS 


SS 


Laboratory Ware Sheet 
SERVING SCIENCE & INDUSTRY 


\A 


@ CUT UPKEEP COSTS WITH... St ^ 
al 
008 
















À Wire and Tubing Fabricated Parts SINCE 1842 
NX Catalysts y’ | 
e AN o* 
E cO’ Platinum 
Malvern, Pennsylvania 
j. BISHO? f 
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The SPEED STEELS are “Aspirin” 


FOR COMPETITION HEADACHES 


Let's face it. We've entered a competitive era. Any place 
you can cut production costs will help your firm to maintain 
dividends. Speed Steels positively cut costs by replacing 
costlier steel and through greatly reduced machining time. 

































A free-machining, low carbon, open hearth steel plate. Ave- 
rage analysis: Carbon .20%, Manganese 1.25%, Sulphur .25%, 
Phosphorus .02%,Silicon .05%. Based on 1" longitudinal sec- 
tions, tensile strength is 58-73000 PSI; yield point 44-59000 PSI; 
Brinell hardness 120-140. Easy to machine. Polishes readily. 
Ideal for rubber molds, die sets, sprockets, platens, frames, 
fixtures, etc. Rubber heel mold is shown, made by Wm. E. 
Arnold Co., Malden, Mass. 


Speed Treat ———À 


A free-machining, medium carbon, open hearth steel plate. Ave- 
rage analysis: Carbon .45%, Manganese 1.25%, Sulphur .25%, 
Phosphorus .02%, Silicon .05%. Based on 1” longitudinal sec- 
tions, tensile strength is 90-100,000 PSI, yield point 68-80,000 
PSI; Brinell hardness 156-196. Readily machines with no 
tendency toward tearing. Easily polishes to high lustre. Fine 
hardenability. Ideal for plastic molds, flame or induction 

ig hardened gears, cams, short run trimming and blanking dies, 
brake dies, etc. A barb drum for a carton printing press 
made by Miehle Printing Press & Mfg. Co., Chicago. Speed 
Treat plate is tolled to form a cylinder and resistance welded. 
Hardened to 260-300 Brinell and machined. 


Speed Alloy muane 5 


| A chromium alloy hot rolled plate which bridges the gap 

| between carbon steel and tool steel. Ideal where relatively 

| high compressive strengths required. Uniformly fine grain 
structure. Easy to machine, polish, flame harden or heat treat. 
A general purpose mold and die steel. Also for zinc die casting 
dies, die shoes and sets, gears, machine parts, etc. Speed . Alloy 
die for flattening flange on Studebaker instrument panel is 
shown. Made by Leese Tool & Die Co., Grand Rapids, Mich. 





Speed Steel Plate Division, Hammond, Indiana. 


DISTRIBUTED BY 
Brown-Wales Co., Cambridge-Hartford-Auburn @ Bridgeport Steel Co., Milford, Conn. @ Beals, McCarthy & Rogers, Buffalo 


N. Y. @ Burger iron Co., Akron, Ohio € Grammer, Dempsey & Hudson, Inc., Newark, N. J. @ Earle M. Jorgensen Co., Los 
Angeles-Houston-Oakland-Dallas € Passaic County Steel Service, Inc., Paterson, N. J. @ Peckover's Ltd., Montreal-Toronto 
d Peninsular Steel Co., Detroit, Mich. € Pidgeon-Thomas lron Co., Memphis, Tenn. € Horace T. Potts Co., Philadelphia-Baltimore-York, Pa. 
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[ia Hlectrolytic ita: 


SECS trip 


make better products... 
more economically 


Weirzin electrolytic zinc-coated sheets and strip— 
mass produced on Weirton’s ultra-modern, multiple 
electro-plating "lines" — offer remarkable gauge 
uniformity, plus extreme strength and ductility. 


Weirzin is especially adaptable to difficult deep 
drawing and forming operations— will not peel or 
flake. The zinc remains intact—of even thickness— 
forming an impervious protective coating, safe from 
underfilm corrosion. This tight electrolytic zinc 
coating lubricates dies without leaving a deposit. 
Die maintenance costs are reduced, and die life is 
increased by as much as 300%! 


Weirzin weathers well! When treated with Bonder- 
ite it assures long-time adhesion for enamel, paint, 
or lacquer. The finish clings to Weirzin. Moreover, 
it successfully resists heat and moisture—even under 
adverse conditions. 


No wonder so many manufacturers choose Weirzin 
—to make better products . . . more economically! 


WEIRZIN SPECIFICATIONS 


SHEETS GADTIGE, oc cevicvevesans Max. .0478 Min. .008 
EDE eecocceccecs Max. 36” Min. 24” 
LENGTH... eso ecsoesa Max. 144" Min. 18" 
COATING WEIGHT. .Commercial only ( 
STRIP GAUGEB. ....... e eee? Max..0478  Min..008 
PTE cooccoecsce ev Max. 23!549' Min. !4* 
"LENGTH... eos eee Max. 144” Min. 60” 


COATING WEIGHT..Commercial only 


*Weirzin can be supplied in gauges lighter than .040 up to a 
maximum width of 36” and in gauges .040 and heavier in a pre- 
ferred maximum width of 26”. Cut lengths are supplied over 4” 
wide, .015 and heavier. Sizes beyond above limits to be submitted. 


LUE ETT, 
OR IU OTN 


assures high fatigue 


resistance . . . easier cold 


forming or blanking 


The high quality of Weirton High-Carbon Strip 
cold-rolled spring steel makes cold forming or 
blanking easier and allows it to meet the require- 
ments for a wide variety of products where high 
fatigue resistance is a principal factor. 


You can count on Weirton High-Carbon Strip cold- 
rolled spring steel...for accurate response to heat 
treatment—uniformity of gauge and width —uniform 
chemical and physical properties—exact constancy 
of grain structure—controlled decarburization limits. 


Weirton High-Carbon Strip cold-rolled spring steel 
is supplied with the desired chemical analysis and 
for specified heat treating and hardness ranges in 
strips up to 


= 


inches wide. Weirton metallurgists 
will be glad to help customers work out the correct 
specifications for their applications. 


SPHEROIDIZED AND PEARLITIC 
STRUCTURES 


T 


The photomicrographs illustrate the two structural forms of 
Weirton spring steel. On the left the steel has been spheroid- 
ized and annealed—soft and ductile—ideal for cold form- 
ing operations. On the right is the pearlitic steel structure 
that is so essential to clean, economical blanking procedure. 


COLD-ROLL SPECIFICATIONS 


MINIMUM MAXIMUM 
GAUGE WIDTH WIDTH 
,016/.062 y" 
7 T" 
.125/and heavier 7" 


WEIRTON STEEL COMPANY 


WEIRTON, WEST VIRGINIA 





Here’s why it pays 
to insist upon 


PTT CU TED OTT 


Easier fabrication and a better product ! 15% to 20% saving! 


These thermostat sleeves and bulbs require 
precision fabrication. After changing to 
Carpenter Stainless Tubing they gained a 
gave him easier bending and a better 15% to 20% saving 


After testing tube from several sources, 
the manufacturer of these condensers found 
that Carpenter’s quality control at the mill 


finished job. ducing each unit, 


in the cost of pro- 


From 50% rejects to 1%! 


For this tough flaring job two brands of 
Stainless Tubing were tried with 50% 
rejects. Then they switched to Carpenter 
and rejects dropped to less than 1*5. 


f 


10c saved per piece! 


The fabricator of this refinery equipment 
needed a ductile Stainless Tubing that 
would **take" the severe fabrication. Since 
changing to Carpenter, he figures a saving 
of about 10c apiece. 


BAD 


From 20% rejects to none ! 


40% rejecis before—now, 1%! 


Before changing to Carpenter, fabricating 
rejects ran 40%. Now the collapsible handle 
of this uranium detector is produced—at a 
reject rate of only | 


These are not unusual or "special" jobs... 


Coil life doubled ! 


In a brick-lined hydrolysis tank, lead coils 
had been used for years. Then they found 
that coil life could be doubled with Carpenter 
Stainless No. 20. 


. just a few 


Rejects because of breakage amounted to 
20% of each run, Changing to Carpenter 
Stainless Tubing, rejects were completely 
eliminated. 


less tubing and pipe in a wide variety of industries have 


of the many hundred examples in our files of how 
products have been improved, fabricating problems 
simplified, and production costs cut by switching to 
Carpenter Stainless Tubing. They all point up this one 
significant fact: All stainless tubing is not the same. 


Whenever any kind of equipment or fabricated part 
calls for something "extra" ... in working properties, 
corrosion resistance, tolerances, finish . . . users of stain- 


( arpenter | 


+ 


STAINLESS TUBING & PIPE 


learned from experience that they can always count on 
Carpenter quality and Carpenter technical assistance 
to meet the challenge. 


Prove to your own satisfaction that there really is a 
difference in stainless tubing. Specify Carpenter on 
your next order. You'll discover, as have hundreds of 
other users, that there is no **or equal" for Carpenter 
quality and all-around service satisfaction. 


The Carpenter Steel Company, Alloy Tube Division, Union, N. J. 


Export Dept.: The Carpenter Steel Co., Port Washington, N.Y. 
"CARSTEELCO" 


we 


‘ Moss j " < TDlerance . -— r^ 


- guaranteed on every shipment 
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WIDE RANGE OF SIZES 
AND FINISHES 


GM Steel Tubing is available in 

welded single wall or copper 

brazed double wall construc- — A. 
tion, in sizes from !$" to 55" 

O.D., and in straight lengths Or 

in 120' to 2000' continuous 
coils. Choice of plain, Terne 
coated, copper plated, or Fuse- «emm 
Kote (copper fused) finish. 


salto 
GOUME WALL 


EASILY FABRICATED 


GM Steel Tubing not only lends itself 
readily to intricate bending but also 
to all types of fabricating operations— 
crimping, beading, perforating, 
swaging, expanding, drawing, 
flanging, flattening, knurling, 
threading. Rochester Products 

offers complete fabricating 

facilities, including the serv- 

ices of experienced 

General Motors engineers. 


i 


GM STEEL TUBING 


ALSO MANUFACTURERS OF RO‘ 
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SOLVES PRICE AND PRODUCTION PROBLEMS 


It's a far cry from a child's toy to a mighty weapon of war—yet 
GM Steel Tubing plays an important part in the design and 
building of both. In hundreds of other products, too, this low 
cost steel tubing serves to advantage either for the passage of 
liquids or gases, or as part of the mechanical structure. 

Every day Rochester Products turns out hundreds of miles 
of GM Tubing in one of America’s most modern and best equipped 
plants. Into every inch of its manufacture go the skill and 
engineering “know how” gained through nearly 20 years of 
General Motors research and development. 

Whether you are designing new products or re-designing old 
ones, it will pay you to investigate the time-and-money-saving 
features of GM Steel Tubing. 


SEND FOR BROCHURE 


1 
or see gp. Sweet's 1954 Product Design File 


Entitled Better Products for Greater Progress, 
this new, illustrated, fact-packed brochure 
tells how GM Steel Tubing can help solve 
design and production problems. Send for your 
free copy today. 


ROCHESTER PRODUCTS, DIVISION OF GENERAL MOTORS, Rochester, N. Y., U.S. A. 


IGAR LIGHTERS 
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lake a good, searching look at 


wid 


in your own product research and development 


With all the current interest and enthusi- 
asm for the newer metals and their alloys, 
don't forget that tin has always been a 
“wonder” metal. 


Consider for a minute all the special 
properties of tin. Tin is inert, nontoxic, fric- 
tion and corrosion resistant. Tin is highly 
malleable, second only to gold. Above all, 
tin is economical to use. 


Tin is one of the oldest metals known 
to man—yet we're still finding new and 
important ways to use it. 


Tin-zinc plating, for example, has been 
found to be an excellent and economical sub- 
stitute for cadmium in many applications. 


Another new plating alloy, tin-nickel, 
even more durable and more attractive in 
coloring than chromium, saves 65 percent 
nickel. 


And tin-titanium is a still newer, high- 
strength, easily welded alloy for jet air- 
craft parts. 


In the field of chemistry, tin is making 
impressive strides. Tin oxide is the best 


opacifier of enamel. Organotin compounds 
are the best stabilizers known for polyvinyl 
chloride plastics. 


Now that U.S. Government controls have 
been removed, tin is again freely available 
in thi$ country to any user, in any quantity, 
for any purpose. Over a third of the world's 
tin is mined in Malaya. There are ample 
supplies of tin in sight for the foreseeable 
future, provided a reasonable price is paid. 
And Malaya is steadily winning its war 
against Communist guerrillas. 


So take a good, searching look at time- 
tested tin in your own product research and 
development. Versatile, plentiful, economi- 
cal tin may help you find 
new ways to raise quality 
and lower costs 


MALAYAN 


TIN NEWS, issued monthly, cov- 
ers noteworthy current develop- 
ments in the production, mar- 
keting and use of tin. Write for 

a free copy. 


BUREAU 


THE MALAYAN TIN BUREAU Dept. 464, 1028 Connecticut Ave., Washington 6, D.C. 
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MODERN 


o9 


SST IS ee Tas temes LLE ie 


DESIGNING WITH ALUMINUM 
EXTRUSIONS—Explains 
the basic principles for using 
extruded aluminum shapes 
most effectively. 


~ A 
SU 


LN UNI II 


ALUMINUM DATA BOOK— 
Discusses the physical, chem- 
ical and metallurgical factors 
of aluminum as they affect 
design and fabrication. 


ALUMINUM FORMING — De- 
scribes accepted practices for 
bending, forming, and draw- 
ing aluminum, 


To help you 


ALUMINUM STRUCTURAL DE- 
SIGN—Shows how to design 
original structures with alumi- 
num or convert present de- 
signs to aluminum. 


ALUMINUM POWDERS AND 
PASTES—Describes types of 
powders and their uses in 
coatings, pyrotechnics, proc- 
essing, metallurgy, etc 


RITNOLAS "ITALI CONPATNT 


MACHINING ALUMINUM AL- 
LOYS— Discusses al! phases of 
aluminum machining including 
automatic screw machining 


FASTENING METHODS FOR 
ALUMINUM — Offers informa- 
tion on mechanical joining and 
fastening methods, and the 
advantages of each. 


RÉTNOLOS) NITALS Comrast 


FINISHES FOR ALUMINUM — 
Supplies basic information on 
the application and uses for 
electroplated, mechanical, 
chemical and organic finishes, 


Available without cost... 


See next page for details 


HEAT TREATING ALUMINUM 
ALLOYS —Explains the meth- 
ods and results of heat treat- 


ing suitable aluminum alloys. 


WELDING ALUMINUM — Gives 


complete information on all 
types of welding as applied 
to aluminum, 


REYNOLDS @8 ALUMINUM 


DESIGN 


HAS 


ALUMINUM IN 












































2 
F a E E € Single copies of any or all of these 


valuable handbooks are free when requested on business 


letterhead. Otherwise the price of each book is one dollar. 


@ ALUMINUM DATA BOOK—Discusses the physical, chemical and 
metallurgical factors of aluminum as they affect design and tabrica- 
tion... 194 pages. 

@ DESIGNING WITH ALUMINUM EXTRUSIONS —Explains the basic 
principles for using extruded aluminum shapes most effectively 
138 pages. 

@ ALUMINUM STRUCTURAL DESIGN—Shows how to design or ginal 
structures with aluminum or convert present designs to aluminum 
130 pages. 

@FASTENING METHODS FOR ALUMINUM—Offers information on 
mechanical joining and fastening methods, and the advantages of 
each ... 136 pages. 

@ FINISHES FOR ALUMINUM —Supplies basic information on the appli- 
cation and uses for electroplated, mechanical, chemical and organic 
finishes ... 124 pages. 


€ ALUMINUM FORMING —Describes accepted practices for bending, 


forming, and drawing aluminum ... 152 pages 
@ MACHINING ALUMINUM ALLOYS—Discusses all phases of aluminum 
machining including automatic screw machining ... 124 pages. 

@ HEAT TREATING ALUMINUM ALLOYS—Explains the methods and 
results of heat treating suitable aluminum alloys...144 pages. 
e WELDING ALUMINUM —Gives complete information on all types of 

welding as applied to aluminum ... 186 pages. 


€ ALUMINUM POWDERS AND PASTES—Describes types of powders 
and their uses in coatings, pyrotechnics, processing, metallurgy, etc. 
... 84 pages. 


@ METALS WEIGHT CALCULATOR—Slide rule for determining weights 
of ali commonly used metals. 


COMPLETE INDEX 

of all Reynolds literature and films on 
aluminum design and fabrication also 
available. Write to address below. 





1 : , 
Also see our condensed catalog go; in Sweet's 


Product Design file or write for your 


personal copy. 





16MM COLOR-SOUND FILMS, TOO: 


e SHAPE OF THINGS TO COME. Interesting descrip- 
tion of the aluminum extrusion process and the design 
opportunities it provides. Running time 30 minutes 


@ TALE OF THE POWDERED PIG. Developments in 
aluminum powders and pastes induding their appli 
cation in protective and decorative coatings. Running 
time 22 minutes 


ePIGS AND PROGRESS. The complete story of 
aluminum from mine to finished products. Covers all 
forms of aluminum. Running time 26 minutes 


Í Films are loaned without charge when requested on 
business letterhead 


Instructors in technical schools are invited to take advantage 
of these educational aids. Write for details. 


REYNOLDS 





DESIGN and FABRICATION 
INFORMATION 


One or more of these authoritative handbooks on 
aluminum design and fabrication belongs on the 
desk of every top flight engineering, styling and 
production person. Each book covers all aspects 
of each subject. The following are examples 
of the many illustrations in each of the books. 



















These are typical of the — EC 
| 1 many illustrations in “Alumi- THIRD 
F ing”: Left ORAW 
— ber e b drawn SECOND 
x ir oss Shell of 3S-O aluminum. DRAW 
1 Right, various stages of „FIRST 
| drawing necessary to pro- « JORAW 
duce shell. (Book includes Pree 
formula for estimating avail 
number of draws.) doul 
read 


The page on cut off 
tools, illustrated below, 
is typical of data in the 
“Machining” hand- 
book. 





The theory and application of 
standard screw heads, reproduced 
above, is typical of complete in- 
formation in ‘‘Fastening Methods 
For Aluminum.” 
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REYNOLDS METALS COMPANY 
S — 2598 S. Third Street, Louisville 1, Kentucky 


Offices in most principal cities, listed under 
Aluminum in classified telephone directories. 


&3 ALUMINUM 





MODERN DESIGN 


HAS ALUMINUM IN MIND 






> 


TRUFLEX THERMOSTAT METALS COMPOSITE METALS ALCUPLATE 


TRUFLEX thermostat metals are manufactured in Available in practically any combination of precious to — Copper-clad aluminum for component cases or 

a wide variety of types, each with a different re- precious, precious to base or base to base metals. Com- cans, chassis, cooling fins, etc., light weight, 

action to temperature. Uniformity of metal insures inations for electronics include aluminum-clad iron, excellent coaductivity. Cooper surface is ideal for 
ting. 








accurate and consistent performance. Precision ^ nickel-clad iron for anode materials. soft soldering and electro 
parts fabricated to exact specifications. 








ACTS WAVE GUIDE and COLLECTOR RINGS 








COMPOSITE CONT 


COMPOSITE CONTACT MATERIAL 
Precious metals and alloys bonded to base metals General Plate can supply all types of fabricated composite RECTANGULAR WAVE GUIDES. Solid silver, 
available in following types o erary, singleand contacts, buttons, rivets, contact assemblies made to silver lined brass or aluminum. Sizes to govern- 
double edgelay, single and double inlay, Top-lay, — customer's specifications. These contacts give electrical ment specifications. oe : 
ready for you to fabricate into contacts. conductivity and long life at reduced costs. COLLECTOR RINGS. Solid silver or precious 


metal on base metal. All sizes. 


General Plote Peoducts 


that solve your Design Problems 


























© Alfer, Alnifer®, Nifer & — Aluminum and Nickel-clad 


General Plate Composite Metals, made by metallurgically bonding steel for anode plates 


one metal to another, are available in sheet, strip, tubing or wire in various * Alcuplate&) — Copper-clad aluminum for component 
widths, thicknesses and diameters. cases, chassis, cooling fins, condenser blades, etc 
a " ] © Alsiplate® — Silver-clad aluminum for lightweight 
Silver, gold and platinum-group metals bonded on base metals give solid condensers, etc. 
precious metal performance at a fraction of the cost of solid precious metal. * Composite Contacts and Contact Materials — Increased 
dh The precious metal provides specific performance requirements such as strength and longer life at reduced cost. 
. . . . . . . 

electrical conductivity and corrosion resistance while the base metal pro- © Collector Rings — Fabricated from solid precious metals 
vides workability strength and solderability. or precious-clad base metals. Sizes ranging from frac 

| , , tion of an inch to few feet in diameter. 

| Composite base metals provide a new group of engineering metals with ® Truflex® Thermostat Metal — Sheet strip, formed ele 
properties not available in solid metals. Their use frequently results in ments and assemblies produced to specification 
lower material costs as compared to solid metais. ® Thin Gauge Metals — Beryllium copper, nickel, pure 


i : , i beryllium, Haynes Stellite alloys, etc 
| In many electronic applications further economy results when General 


i à 1 : * Platinum-Group Metals — Sheet, wire, tubing, parts of 
Plate supplies fabricated parts ready for assembly into your product. Gen- all types. Complete assay and refining facilities for 
eral Plate makes an infinite variety of fabricated parts, such as electrical platinam-group metals. 
contacts, collector rings and TRUFLEX thermostat metal parts to cus- © Silver and Gold Brazing Alloys — Available as sheet 
tomer's exact specifications. wire, powder and fabricated parts. 
a ; a ; ® Bondwich — Solder-clad brazing shim for carbide 
General Plate Engineers will gladly help you with yout problems. tipped tools. 


B — Ph hor Bronze-clad for high con- 
METALS & CONTROLS CORPORATION NE v.m 
Conflex — ( :r-clad steel l al and 
GENERAL PLATE DIVISION “imitauncnpakvo 7 
#720 Age-H i All ( r 
—— — " dieat apelag mesetiel for diaphregine, springs, Gane: 
ATTLEBORO, MASSACHUSETTS 


stock, etc 






Rectangular Wave Guide Tubing — Wide range of sizes 
to government specifications 


Write for catalog PR700. 





R : BERYLLIUM COPPER 


Borsi Copper (BeCu in metallurgical shorthand) is a !eader "crm EIU m 
in the “resistance movement.” It’s uncanny the influence a few 
per cent of Beryllium can exert on pure copper... the added 
properties the alloy has over the base metal alone. pom 

RIVERSIDE 


ALLOYS 


Beryllium Copper can be hardened by heat-treatment. It has 
high electrical conductivity and qualities that resist wear, 
corrosion and fatigue, making it ideal for switches and other 


electrical applications. BeCu is truly a versatile alloy, useful in 
many fields. 


Riverside Alloys are Industry’s Allies. Send for the Riverside 
Handbook, the pocket-size reference and guide to alloy specifi- 


cations. The Riverside Metal Company. Riverside, N. J. Branches 
in all principal cities. 


p >~ 
pH f BEEN \\ | Free pocket-size 
a M - \ Alloy Handbook. 
S i. \ \ Your reference 
adm | WV and guide to Ál- 
Ü ` 


loy specifications. 
Write today. 
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aluminum 
tubing 


that will greatly lower 
your fabricating costs 


l : 

è \ 1 

v , 

| 

| Harvey Aluminum’s new special furniture tube alloy, 

| fabricated to extremely close tolerances, saves money in 
metal cost and allows use of a smaller nominal size with 


| a given safety factor. Fabricating operations are reduced 
by special grain control, all adding up to produce the 
lightest, strongest, safest furniture on the market today. 
For lower costs, increased profits and customer satisfac- 
tion, use Harvey Aluminum special furniture tubing. 


l. You buy this special furniture tubing by the foot rather 
than by the pound, eliminating waste. 


2. Structural uniformity of Harvey’s new furniture tub- 
ing lets you design with assurance to precise safety 
strength factors... there are no hidden weak spots. 


Request your free copy 

of “New Furniture Tubing” 
giving full technical 
information on this new 
furniture tubing alloy. 





f 
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Harvey brings you... 


9 4 new aluminum alloy 
€ special extrusion techniques 


€ precision drawing methods 


No need for buffing 
after bending 


Uniform tolerance 
at any cross section 


Does not fracture 
with severe swaging 


3. Fabrication operations are reduced, for Harvey's 
furniture tubing takes shorter radius bends and with- 
stands heavier swaging than any other furniture tube 
alloy yet developed. Specially alloyed to prevent *orange 
peel" or surface crazing from short radius bending, you 
buff only once. It retains its luster during forming opera- 
tions, eliminating rebuffing costs. 


MAKING THE MOST OF ALUMINUM...FOR INDUSTRY 





HARVEY ALUMINUM SALES, INC. 
TORRANCE —LOS ANGELES, CALIF. 
BRANCH OFFICES IN PRINCIPAL CITIES 


An independent facility producing special extrusions, pressure forgings, 
bar stock, forging stock, tubing and related mill products. 





There’s a 
Bethlehem Tool Steel 


Whatever your tool and die jobs may be, there’s a Bethlehem tool steel 
that will give you top performance at least cost. Some are general-pur- 
pose grades; others have properties that fit them for severe or unusual 
operating conditions. Each is carefully processed in our tool steel mill. 
And when you have a problem in the selection or treatment of tool steel, 
the experience of our technical staff is yours to call on. 





Made from our BTR oil-hardening tool steel, this die blanked and formed 
nearly 8 million bottle caps from tin plate before redressing was needed. 
One of our most popular general-purpose grades, BTR has good wear- 


or Every Tool and Die Job 











Carbon and 
Carbon-Vanadium 


0il- and Air-Hardening 
3 Shock- Resisting 
| Hot-Work 

High- Speed 
Special- Purpose 






















resistance and shock-resistance. 





Typical of Bethlehem inspection methods is the ultrasonic examination of 
tool steel billets and large bars to detect possible injurious internal defects. 


MAYARI R 


Makes it Lighter, Stronger, Longer Lasting 


This strain clamp was 
made of Mayari R be- 
cause it provides high 
resistance to 


C 

f tM 
atmos- 
pheric corrosion to- 
gether with improved a 
strength and a saving a 
in weight. 





Every day new uses 
are found for Mayari R,—Bethlehem’s low-alloy, 
high-strength steel. Mayari R has almost twice 
the yield point of structural-grade carbon steel, 
and from five to six times the resistance to atmos- 
pheric corrosion. It is easily formed and readily 
welded, and comes in sheets, plates, structurals, 
cold-formed shapes and bars. 





This progressive die pierces, blanks and forms 
parts from stainless-steel strip. The long-wearing 
punches are made from Lehigh H, our popular 
high-carbon, high-chromium steel. All other 
parts are made of A-H5, Bethlehem's 5 pct 
chromium air-hardening grade. 
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IT'S 19 TO 1 
THAT A STANDARD ALLOY 
STEEL WILL DO THE JOB 


In about nineteen cases out of twenty you can meet 
alloy-steel requirements with standard grades. 

Certain applications do call for special compo- 
sitions, especially jobs where resistance to heat, 
corrosion or low-temperature impact is the prime 
consideration. But in the vast majority of cases 
a standard grade will do the job, and then it's 
to your benefit to use it. Two important advan- 
tages of using standard alloy steels are that heat- 
treating is simpler, and you can usually buy small 
tonnages, keeping inventories low. 

Bethlehem makes all AISI alloy and special- 
analysis steels, besides the full range of carbon 
compositions. 

And please remember, we can always furnish 
the grade you wish— standard or special. 
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A WELDMENT MAY BE THE ANSWER 


The photograph shows a 60-ton stator frame for a turbo-generator, 
made in the Bethlehem Weldment Shop. E 

Bethlehem weldments eliminate excess weight without sacrifice 
of rigidity, and serve either as simple parts or as units of intricate 
assemblies. They can be used either alone or in combination with 
forgings or castings. Bethlehem weldments offer wide freedom of 
design as the steel can be bent, pressed or shaped prior to welding 
without harm to its physical structure 


COLD-FORMED SHAPES 
Solve Many a Production Problem 


Bethlehem Cold-Formed Shapes are regular or irregular shapes, 
formed cold from steel sheets, strip or plates. They have excellent, 
relatively smooth surface finish, practically free of scale and rust. 
They have a good strength-weight ratio, and are easy to weld and 
assemble 

We make them on presses, brakes or rolls in all gages from 5 to 24 


CIRCULAR BLANKS 
Made by Forging-Rolling Process 


The unique process by which these blanks are made, combining 
forging and rolling with the attendant benefits of both, imparts a 
tough structure and homogeneity, with superior strength, often 

| making possible thinner sections and a saving in weight. We 
strongly recommend Bethlehem forged-and-rolled blanks for gears, 
crane wheels, sheave wheels, flywheels, brake drums, rotors, tire 
molds and similar uses 


FORGINGS IN A WIDE RANGE 
from a Few Ounces to more than a Hundred Tons 


The Bethlehem forge shops turn out forgings ranging from among 
the smallest made, so small you can balance them on the tip of 
your finger, up to huge heavyweights of 100 tons or more. We make 
press forgings, hammer forgings, and closed die forgings—all with 
"1 the same exacting care. Bethlehem forgings can be made in carbon 
2 or alloy grades, and shipped either as-forged, or rough- or finish- 
machined 











FASTENERS 


Bethlehem Fasteners include a complete 
range of standard items such as bolts and 
nuts, rivets, spikes, clevises, turnbuckles, 
studs and threaded rods. In addition, we 
turn out a wide variety of tailor-made 
fasteners to meet special requirements 
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CUT AND FORMED SHAPES 


Made from either carbon steel or soft- 
center plate steel, these flat shapes provide 
economies in the manufacture of farm 
implements, as well as in other applica- 
tions. They reach you accurately sheared 
to pattern. There's no waste 






































SPECIAL SECTIONS 


You can count on Bethlehem to produce 
special sections rolled to meet your exact 
requirements. 












OF simpli 


parts design 


„easier fabrication 


TYPES 


Seamiess tubes—hot-finished, cold-drown, or roto-rocked 
Welded tubes-—from hot-rolled or cold-rolled strip 


SHAPES 
Round, 


GRADES 
Stainless steels —B&W Croloys 12 to 27 
Intermediate chrome-molybdenum alloys—B&W croloys ' to 9 
SAE—AIS/ alloys and nitralloy steels 
Nickel steels —B&W Nicloys 3!5, 5, and 9 
Carbon-molybdenum steels—in various grades 
Carbon steels—in various grades 


SIZE RANGE 
Up to 954 
thicknesses 

SURFACE FINISHES 
As rolled, as drawn, 
free, and polished 

SPECIFICATIONS 


Made to any of the standard specifications such as those of the 
ASTM and U. S. Goverament 


QUALITY 
Open-hearth and electric-furnace steels, 
mognaflux qualities 

CONDITION 
Unonneoled, annecled, tempered, normalized, or otherwise hect- 
treated as required 

FABRICATION 
Upseiting, swaging, 
machining 


squore, rectangular, or special shapes 


inches outside diameter in o wide range of wall 


as welded, flash removed, turned, scole- 


including aircraft and 


expanding, 


bending, sofe-ending, ond 


You can improve and simplify product design—make 
many forming, machining, and welding operations 
easier—with B&W Tubing, because it provides the 
properties you need in your finished product—and in 
the combination you need for easy fabrication. 


B&W tubing is made in stainless, alloy, and carbon 
steels, seamless and welded, hot-finished, cold-drawn, 
or roto-rocked, in a wide range of sizes, and in various 
surface finishes and heat-treated conditions, so that you 
can select the most economical tubing for your specific 
manufacturing procedure and end-use. 


And you can be sure of getting the properties and 
characteristics you want in every foot of B&W Tubing; 
because manufacturing methods at B&W keep tubing 
quality consistently uniform. 


For help in finding the tubing best suited for your 
particular use, feel free to call on our technical staff. 
Their broad experience in tubing applications can be 
of value to you—or write for Bulletin TB-361. 


THE BABCOCK & WILCOX COMPANY 


TUBULAR PRODUCTS DIVISION 


General Offices & Plants 


Beaver Falls, Pa —Seamless Tubing; Welded Stainless Steel Tubing 


Alliance, Ohio—Welded Carbon Steel Tubing 
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For your tubing requirements 
Count on WOLVERINE 


Merten 


‘ HTH Hg 


LISHED 


WOLVERINE TRUFIN* 
—the integral finned tube 


For highly efficient heat transfer in compact 
space select TRUFIN. This unique finned tube 
has many advantages to recommend its use. 
Because the fins are extruded from the 
tube and are a part of the wall itself—all 
one piece—Trufin will withstand vibration 
and sudden temperature changes. It has 
exceptionally wide range of outside-to- 
inside ratio. Surface of fins is smooth, offer- 
ing less likelihood of clogging between them, 
and decreased pressure drop. Trufin can be 
bent and formed as readily as plain tube. 
lt is available in a variety of fin spacings, 
fin heights, and alloys; also in bi-metal 
(aluminum fins with copper and copper base 
alloy liner). 


“REG. U.S. PAT. OFF 


SPUN END PROCESS; 


This is one segment of our fabricating 
department. It deals chiefly with end treat- 
ments—an exclusive Wolverine develop- 
ment that can prove quite valuable to you. 
It offers opportunity to make a great variety 
of end and contour forms to close measure- 
ments. It has been found to replace other 
methods of forming, thus reducing costs and 
increasing production. There's a wealth of 
new knowledge awaiting you in learning 
about our Spun End Process. 


FABRICATED TUBULAR PARTS 


Many tubular parts can be fabricated by 
Wolverine methods much more economically 
than in any other way, because they are 
already partially fabricated to start with. 
Moreover, the resulting parts are improved 
in function and often in eye appeal as well. 
These are some of fabricating operations: 
spinning, finning, bending, beading, ex- 
panding, brazing, and many more. Consult 


our Customer Engineering Service. 


ELECTRIC-WELDED STEEL TUBE 


Another Wolverine quality product from 
the hands of tube specialists — electric- 
welded steel tube—made to the high 
standards of tube production that distinguish 
Wolverine nonferrous tube. 

Specify Wolverine Electric- Welded Steel 
Tube whenever quality steel tube (either 
mechanical or pressure) is desired. 

Sizes range from 'A" through 3" O.D. in 
the following analyses: SAE 1010; SAE 1015, 


Wolverine con supply plain tube in copper, copper base alloys, aluminum, and electric-welded steel. Finned tube in copper, copper bose alloy 
aluminum, 1010 Welded Steel, Type 304 stainless steel, and bi-metal 


in conjunction with the manufacturing of round commercial tube, Wolverine also makes oval tube, square and hexagonal tube 


^o 


t WOLVERINE TUBE DIVISION 


of CALUMET & HECLA, INC.NESEBIK — Wolverine Trufin ond the Wo 


verine Spun End Process ovoi 
eble in Canada through the 


Manufacrurers of Quality-Controlled Tubing Unilin Tube Co,; Londen 


1485 CENTRAL AVENUE » 


Ontario 


DETROIT 9, MICHIGAN 


Plants in Detroit, Mich. & Decatur, Ala. Sales of iced p" d Cilies 
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Magnesium 


eo sh a Ce Beds 
THE COMMERCIAL METALS 


ROLLING INGOT INTO 
PLATE AND SHEET 


COMMERCIAL AND SPECIFI- 
CATION GRADES from B & P's 
own mill, F.O.B. Detroit. TREAD 
PLATE in non-slip diamond 
pattern. THE FOLDER BELOW 
describes dimensions, toler- 
ances, etc., also gives useful 
tables comparing properties, 
gauges, weight of Magnesium 
compared to other metals. Send 
for it. 


ENGINEERING 
AND DESIGN 


"Will Magnesium work in this 
application?” “Where?” “How 
much should we use?" B&P 
engineers have years of ex- 
perience. B& P makes Proto- 
types. 


* * * 


ANY INQUIRIES 
ABOUT MAGNESIUM 
ARE WELCOME 


Your Design Engineers will 
want 


FABRICATION OF 
ASSEMBLIES 


B&P is a pioneer Magnesium 
fabricator. Modern machinery 
for forming, stretching, weld- 
ing, machining, stress reliev- 
ing, painting and finishing (in- 
cluding HAE) is operated by 
experienced men. 


SEND FOR THIS FOLDER on 
B & P fabrication facilities and 
services. 


THESE TWO FOLDERS ——» [e 


for your files. Write us for 


0 PLUS 


BROOKS and PERKINS 


MANUFACTURERS OF 


1956 W. FORT ST., 


Bs: 


DETROIT 16, MICHIGAN 


Product Engineering 


Incorporated 
MAGNESIUM PRODUCTS 


TASHMOO 5-5900 
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NEW manufacturing processes 
result in Carboloy Chrome Car- 
bides with interlocking grain 
structure of exceptional tough- 
ness in combination with other 
highly desirable wear- and cor- 
rosion-resistant features. Ma- 
chinability is equal to tungsten 
carbide; and toughness permits 
grinding without chipping or 
cracking. There is stability, with 
no internal strain. 


HOT-AIR subjection at up to 
1000?C. (1832?F.) proves virtually 
complete resistance to oxidation 
of Carboloy Chrome Carbides. 
Above test shows (1) 18-8 stain- 
less steel, (2) Chrome Carbide, 
(3) tungsten carbide after ex- 
posure at 1850°F. for 24 hours. 
Originally identical shapes and 
sizes, (1) and (3) have disinte- 
grated. Chrome Carbide (2) is 
untouched, save for slight dis- 
coloration. 


‘ = 


SAMPLES of Carboloy Chrome 
Carbides for your laboratory 
testing are available at $10.75, in 
Standard Kits, which include: 
three bars 4” square x 2”; two 
bars !4" square x 1"; three bush- 
ings ?&;" long, !$" O.D., *&" I.D.; 
and one rod !$£" diameter by 1” 
long. Kit includes Bulletin WR- 
104, establishing physical char- 
acteristics and properties to- 
gether with table of chemical 
tests. Order today. 


Now ... new Carboloy Grade 608 
Cemented Chrome Carbide, first of a 
new Series 600 Chrome Carbides with 
chromium as principal ingredient. Gives 
high resistance to corrosion or erosion, 
combined with good abrasion resistance 
for wear-resistant applications. 


FOR COMPLETE PARTS, 
OR TIPPED ASSEMBLIES 


Chrome Carbides are completely non- 
magnetic; have a coefficient of thermal 
expansion about the same as steel; are 
as machinable, as hard as tungsten 


for high resistance to corrosion and erosion combined 
with good abrasion resistance 




















carbides, and are light in weight. They 
are expected to be especially practical 
for making complete parts, or may be 
used in assemblies. 


NEW APPLICATIONS, 
OLD AND NEW FIELDS 


Series 600 may overlap a few tungsten 
carbide applications. But because of 
their unusual wearproofing properties, 
their wear and corrosion resistance, 
look to Chrome Carbides to open vast 
new areas of industrial and product 
applications. 


Where can you use wearproofing Carboloy Chrome Carbides? 


With These Physical Properties? 


Composition: 83% Cr,C,, 2% WC, 15% Ni 


With These Indicated 
New Uses? 


Hardness: (nominal) 88Ra (equivalent to 72Rc) 


Density: (nominal) 7.0 gm/cm' 
Transverse Rupture Strength: 100,000 psi 


Abrasion Resistance: Much higher than steel, 


not as high as tungsten carbide 
Steam Erosion Resistance: Excellent 
Coefficient of Expansion: 

4.9 x 10* in./in./F (from 68°-248°F) 

5.1 x 10° in./in./F (from 68°-427°F) 

5.3 x 10° in./in./F (from 68°-608°F) 


6.1 x 10° in./in./F (from 300°-1800°F) 
Corrosion Resistance: Generally very good 
Electrical Conductivity: 2.2% of Copper @ 20°C 
Electrical Resistivity: 80 microhms/cm/cm* @ 


20°C 
Magnetic Properties: Nonmagnetic 
Stability: Apparently good 


Microstructure: Consists of two phases—chromi- 
um carbide grains, and the solid solution 
matrix phase consisting of chromium car- 


bide and nickel. 


Oxidation Resistance: 
a) excellent up to 1800°F 
b) favorable, even beyond 2000°F 


"Carboloy" is the trademark for the products of the Carboloy Department of General Electric Company 


Electronic and magnetic equip- 
ment 


Sheer blades for molten glass 
Core pins for ceramic baking 
Fishing rod guides 


Centrifuge nozzles, separating 
equipment 


Bearings and bushings where 
corrosives are present 


Nozzles: soap, food, petroleum, 
chemicals, pharma- 
ceuticals 


Textile guides 


Valve and core pins, die cast- 
ing 


Punches, movie film 
Gage blocks, plug gages 
Pump seal rings 


Wherever stainless steel is not 
sufficiently abrasion- 
resistant 
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THOUSANDS OF STANDARD 
BLANKS for thousands of stand- 


ard wearproofing applications 
Tungsten carbide blanks are 
available in a wide range of 
standard blanks and sizes; ground 
balls, discs, rings, twist-drill tips, 
scraper blades, reamer blanks, 
face mill blades, lathe and grinder 
center tips, guide rings and cyl- 
inders 
SHOP TIP! 


Keep your stockroom supplied 
with an assortment of Carboloy 
Cemented Carbide standard 
blanks, and be ready to make 
your own tools when emergencies 
or rush jobs arise 


WHEREVER THERE IS WEAR, 


there is a spot for Carboloy Ce 
mented Tungsten Carbides. For 
example: When tungsten carbide 
crankballs replace hard steel in 
optical lap grinding machines 
they give 30 times more wear 
Tungsten carbide guide rings in 
electrical meter-drill jig show no 
sign of wear after 3 years; steel 
pins wore out in three weeks. And 
steel pegs in coal pulverizer wore 
out after 3500 tons, yet tungsten 
carbide faced pegs show no wear 
after 22,000 tons 


In industry after industry, Car 
boloy Tungsten Carbides combat 
wear, improve product quality, 
and increase machine-part or 
product life as much as several 
hundred times. Chances are they 
can for you, too, when you design 
them into your applications 


CARBOLOY 


IK EET er) 


CARBOLOY 
CEMENTED TUNGSTEN CARBIDE 


hardest metal made by man, 


WHAT ADVANTAGES WILL 
THESE 12 OUTSTANDING CAR- 
BOLOY TUNGSTEN CARBIDE 
WEARPROOFING CHARACTER- 
ISTICS HAVE FOR YOU? 1 Hard- 
ness. 2 Compressive strength. 3 Ab- 


rasion resistance. 4 Corrosion resist- 


combining 12 unusual properties 


ance. 5 High red hardness. 6 Low 
coefficient of thermal expansion. 7 
High modulus of elasticity. 8 Impact 
strength. 9 High density.10 High polish 
retention. 11 Low electrical con- 


ductivity. 12 Nonmagnetic (if desired). 


GRADES OF CARBOLOY CEMENTED TUNGSTEN CARBIDE MOST 
COMMONLY USED FOR WEAR-RESISTANCE 


Grades 55A, 44A and 883 are most widely used to wearproof 
machine or product parts. These are all straight tungsten carbide 


types, and are highly resistant 


to abrasive and erosive wear. 


Check with a Carboloy engineer for suitability of additional 
grades of cemented tungsten carbides for wearproofing applications. 


GRADE 55A 

lhe toughest, most shock resistant of these three 
wear applications 

sections of carbide 
where warpage is 


ng long sections of 


GRADE 


444A 


`i g 
f 


1 grade because 


gh resistance to wear, its relatively high resist 


ince to shock, and its ability to withstand a con 
siderable amount of warpage or distortion 


GRADE 883 


he hardest of the three grades named with greatest 
resistance to wear. It is not as shock resistant as 
grades ^ and 44A. Recommended on many wear 
applications where maximum wear resistance is re 
quired and where ability to withstand shock and 
flexure are not so critical. Ideal for textile guides and 
small parts subject to extreme abrasive wear 


WHERE CAN YOU USE WEARPROOFING CHARACTERISTICS 
OF CARBOLOY CEMENTED TUNGSTEN CARBIDES ? 


INDUSTRIAL APPLICATIONS 


In machine tools, equipping 
stops, cams, collets and othe: 
wear surfaces with Carboloy 
Cemented Carbide results in 


increased production accuracy 


MACHINE TOOLS reduced maintenance 


In feed processing (for cattle 
long-wearing carbide blades in 
hammer mills greatly outlast 
blades of fine steel; produce 


more uniform, higher quality 


FEED PROCESSING feed 


~ In textile mills threads travel 

udi » x ing at high speeds quickly cut 
v po——— through steel or porcelain 
guides, spoiling work, causing 

production loss. Long-wearing 

Carboloy Cemented Carbide 


TEXTILE MILLS 


guides eliminate this waste 


CONSUMER APPLICATIONS 


Carving knives and kitchen - 
knives are sharpened faster » 5 
with keener edges because of & 
cemented carbide inserts, which 
outwear ordinary materials 


SHARPENERS 


more than 100 times 


Dental burs made of Carboloy 
Cemented Carbide drill cooler 
than ordinary metal burs be 
cause they stay sharp 100 
times longer; result in less 


pain for patients 


In fishing reels, small, wear 
resistant bearings of Carboloy 
cemented carbide guarantee 
smooth, trouble-free action 
outwear toughest steel bear 


ings by 100 to 1 FISHING REELS 


Unquestionably, Carboloy Cemented Tungsten Carbides, with their unusual combination of wear 
1 g : 
proofing characteristics, will serve you as they have others. Send for complete technical details 
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These shapes are typical of the 
wide size and style range possible 
with Carboloy permanent mag- 
nets. Many are standard stock 
items; others can be made quick- 
ly to your exact specifications. 


CARBOLOY 
PERMANENT MAGNETS 


Magnets have hundreds of 
money-saving, timesaving me- 
chanical uses in plants or shops. 
They are being used successfully 
in lifting, holding, and retrieving 
devices such as: 

magnetic stands 

magnetic floor sweepers 

tramp metal separators 

magnetic paper grippers on 

machines 

part holders on conveyor lines 

sheet metal separators 

dip tank retrievers 

stainless steel grade identifiers 


Send for free, complete Standard 
Stock Catalog. And remember, 
if the magnet you need is not in 
stock, it can be made to your 
specifications 


FREE MAGNET IDEA KIT 


Free kit gives complete details 
on many of the devices using 
Carboloy permanent magnets. 
See how these magnets can elim- 
inate costly clamps, jigs, vises 
speed setups, production. 
Send for your kit today (address 
on next page). 


CARBOLOY 
ALNICO PERMANENT MAGNETS 


for lasting magnetic energy 


PRECISION CONTROL 


High quality of Carboloy Permanent 
Magnets is no accident. Raw materials, 
production, inspection and testing con- 
trols are rigid, accurate. Your specifi- 
cations, down to the last detail, are 
met exactly. You are always assured 
of uniform quality. 


FLEXIBLE DESIGN 


Carboloy makes available many mag- 
net materials. The large group of sin- 
tered and cast Alnico alloys covers a 
wide range of magnetic and physical 
properties. From such a wide choice it 
is now possible to undertake magnet 
applications and designs heretofore im- 
practical or impossible. 


SPECIALIZED PERMANENT MAGNETS BUILT TO YOUR DESIGN 


Through research and experience gained in developing thousands of magnetic 
applications, and in working with thousands of product designers, Carboloy 
engineers have a tremendous backlog of knowledge of magnet and subassembly 
design. These engineers are at your service to recommend or help you design the 
most satisfactory magnet or subassembly for your job. Get free technical bulletin 
Permanent Magnet Design Manual. 


CARBOLOY ALNICO PERMANENT MAGNET ADVANTAGES! 


€ Cool— generate no heat € Combine electrical and mechanical fea- 
c Require no electrical energy tures—transform electrical energy into 
mechanical motion; mechanical motion 


€ Cost nothing to operate : 
8 F into electrical energy 


è Eliminate coils, windings, wiring, etc. : 
as i i € No power failures ever 

e Need no maintenance—no coils to burn 
out, no slip rings to clean or replace, etc 

e Simplify mechanical assemblies—exert 
strong tractive force for holding, lifting © Give uninterrupted operation 
and separating devices that eliminates e 
component parts, makes product design 
and fabrication simple 


e Resist moisture— no coils to collect damp- 


ness 


Create savings—often eliminate costly 
power-supplying parts 

i è Simple—no operating parts 
e Save space— great magnetic strength in i E j 
small sizes Reduce weight, product size 


è Powerful—and power is constant e Supply a permanent source of energy 


CARBOLOY ALNICO PERMANENT MAGNETS 
TABLE OF PROPERTIES 













CAST ALNICO SINTERED ALNICO 





Average density — pounds per cu. in 







Average density — grams per cu. in 









I > 
Resistivity—microhms per CM per CM2 at 25°C 50 | 68 
T 
Coefficient of thermal expansion 11.4 12.4 11.3 
Tensile strength —lbs. per sq. in 5.450 23.000 | 65.000 







Transverse Modulus of Rupture—lbs. per sq. in 10,500 45,000 70,000 


44 | 





Hardness— Rockwell C 


50 





56 | 43 







-— 


Min. residual induction B,* 12.000 10.000 10.000 





Min. coercive H.* 






Min 





available energy (B4 H4) Max. 105 
*Guaranteed minimum values 


Be sure to write for Carboloy Permanent Magnet Stock Catalog PM-100 and Design Manual PM-101 














































































































































































































































































A 
TRAINED 
CARBOLOY 
ENGINEER 


is ready to give prompt at 
tention to your request for 
up-to-the-minute applica- 
tion techniques on whatever 
Carboloy Created-Metals 
you are interested in. Re- 
search, design and technical 
data are available to help 
you obtain maximum pro 
duction consistent with 
product quality and econ 
omy 

Feel free to write for tech- 
nical data, bulletins, cata 
logs, or descriptive material 
of any type you believe will 
be helpful to you. There is, 
of course, no cost or obliga- 
tion involved 


Look to the Carboloy 
organization for contin- 
ved pioneering in the 


field of created-metals. 


CARBOLOY 


CREATED-METALS 


CARBOLOY HEVIMET 


heaviest man-made metal by density and weight, 
40% heavier than lead 


Carboloy Hevimet packs maximum 
weight in minimum space. Its density 
and weight are 40% greater than lead; 
tensile strength equals high-grade 
steel. Available in various sheet sizes, 
it is nonporous, readily machinable 
and highly resistant to atmospheric 
salt-water corrosion 


SUGGESTED USES 


As a radioactive screen, it permits 
considerable reduction in screen size 
with same degree of protection. As 
i balance weight, Hevimet dampens 
vibrations in crankshafts, propellers, 


centrifugal clutches, and rotating parts, 
as well as static and dynamic balancing 
of aircraft control surfaces. 


CARBOLOY THERMISTORS 


for controls and circuit elements sensitive to temperature 
change as little as .0005°C. 


Carboloy Thermistors are electronic 
semiconductors which are extremely 
sensitive to slight temperature varia- 
tions. When cold, their resistance is 
high; but as their temperature rises, 
resistance drops rapidly 


SUGGESTED USES 


Thermistors are available in rod, disc, 
ind washer form and may be used to 
replace highly intricate equipment. 
They are especially adaptable as the 
sensitive element in flow meters, time- 
delay relays, voltage regulators, switch- 
ing devices and other types of indica- 


PR ILLA 
SOUPE cs 


tors or controls. Thermistors permit 
sensitivity of temperature control here- 
tofore not readily obtainable 


Carboloy" is the trademark for the products of the Carboloy Department of General Electric Company 


CARBOLOY 


DEPARTMENT OF GENERAL ELECTRIC COMPANY 
11139 East 8 Mile Blvd., Detroit 32, Michigan 


Plants at Detroit and Edmore, Michigan 





WASHINGTON STEEL CORPORATION 


WASHINGTON, PENNSYLVANIA 
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NCR PHOSPHOR BRONTE 


JUST THE IDEAL ALLOY FOR springs 


sereens 


THE SPEC AMONG ALLOYS! 


The “specialty” of Seymour Phosphor Bronze — toughness, 
resiliency, and resistance to fatigue and corrosion — makes 
this wonder metal ideal for a thousand spring, electrical, 
and machined parts. Seymour's range of grades and 
tempers gives the designer a selection of qualities 
to fit the job. 

Technical data are yours for the asking. Glad to 
furnish samples for tests, and our engineering de- 


partment is ready to discuss your problem without 
obligation. 


THE SEYMOUR MANUFACTURING COMPANY 

















[ 
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... against these environments 


© INORGANIC CHEMICALS 


Ferric Chloride 
Cupric Chloride 
Mercuric Chloride 
Stannic Chloride 
Aluminum Chloride 
Sodium Chloride 


fft pue denig of puotsar 


TITANIUM 


OFFERS CORROSION RESISTANCE 
UNMATCHED BY COMMON METALS 


CONDITIONS 


0-30% at 100° C. 
0-20% at 100° c. 
All Conc. at 100° C. 
0-24% at 100° C. 
0-25% at 60? C. 
All Cone. at 100° C. 


... for these applications * 


o 









Process Piping, 
Pumps, Valves, 
Evaporators, 
Crystallizers, 
Kettles, ` 
Heat exchangers 
















Sodium Hypochlorite 
Chlorine Saturated Water 
Wet Chlorine Gas 
Chromic Acid 


6% at 100° C. 
75? C. 
10% and boiling 


Nitric Acid 
Sulfuric-Nitric Acid Mixture 
at 35° C. 


ORGANIC CHEMICALS 


Lactic Acid 
Aniline Hydrochloride 


Room Temperature 


All Conc. at 100° C. 


40% sulfuric, 60% nitric 


0-85% at 100° C. 
0-20% at 100° C. 


Equipment for making bleaches 
Proportioning equipment 

Recovery equipment; electrolytic cells 
Plating equipment 


Acid Heaters, Nitrators 
and Auxiliaries 


Dairy equipment 

Equipment in the manufacture of A 
pharmaceuticals, dyes, explosives ; 
Chemical synthesis 


Chloroacetic Acid 100% at 100? C. Chemical synthesis; equipment in 
manufacture of pharmaceuticals 
Dichloroacetic Acid 100% at 100? C. Chemical synthesis; equipment in 
o manufacture of dyes o 
€ ae eee ER ENE SEL LEGS RE 


Res planning now to improve your present and future 
products with the many advantages of titanium and 
titanium alloys. Made from titanium sponge—pioneered 
commercially by Du Pont—these new materials of con- 
struction have very high strength to weight ratios . 

excellent corrosion resistance and greater ability to stand 
elevated temperatures than aluminum or magnesium. 


Start your own evaluation tests now and be prepared 
for the day when titanium is available for expanded civilian 
use. Although Du Pont is a prime producer of titanium 


DU PONT 


TITANIUM 


*t6. y. $. FAT Off 


Better Things for Better Living . . . through Chemistry 
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metal in sponge form only, we can recommend manu- 
facturers who may be able to supply fabricated and semi- 
fabricated forms of titanium and titanium alloys for 
commercial evaluation. 


As a pioneer in the field we are in a unique position to 
supply you with valuable information on properties, appli- 
cations and processing of this new structural material. Just 
let us know what applications for titanium you have in 
mind. Call or write: E. I. du Pont de Nemours & Co 
Inc.), Pigments Department, Wilmington 98, Delaware. 


` T L fN PEH 
| E. I. du Pont de Nemours & Co. (Inc. i 
| Pigments Department, Wilmington 98, Del. | 
| Please send me your technical bulletin on the cor- | 
| rosion resistant properties of titanium. I am interested | 
| in using titanium for the following applications | 
| Name Position I 
| Firm | 
Address 
| City State | 
(ee ee ee — — — — — —À —À——— — — — — 4 




























Mill Roll Manufacturer Reports 


PRODUCTION BENEFITS 


resulting from high 


UNIFORMITY 


of Standard rings 


By exercising precise control of forging and rolling 
operations, the Standard Steel Works Division assures 
greater uniformity in the structure and analysis of 
each ring. 

Typical of performance records is a report from a 
large eastern manufacturer of mill rolls where Standard 
rings are employed as thrust rings (inside bearing 
raceways) on the finished roll. Not only do they report 
a 50% saving in cost, but they also find that the grain 


Quality Steel —through produc- 
e tion of own steel by acid process. 


Uniformity— assured by precise 
e control of forging and rolling 
operations. 


Testing — radiographic tests, ten- 
e sile tests, hardness tests, ultrasonic 
probing of internal structure, etc. 


Capacity —unsurpassed ability to 
e produce weldless rings all the 
way up to 144" O.D. 


structure, analysis and precise specification of the 
steels used in Standard Steel weldless rings is of 
the highest caliber. 

Thus another reason why you should standardize 
on Standard Steel rings and flanges to protect the 
quality of your products is the fact that you can be 
certain of Standard's uniformity in manufacture. 

ONE OF SIX REASONS why you should always 
call Standard Steel for rings and flanges. 


Experience — produced by skilled 
e workmen with 20 to 40 years 
experience. 


Fast Service—a vital factor in 
e the continuing growth of Standard 
Steel for over 150 years. 


For more information write Dept. 8535 


Standard Steel Works Division 


BURNHAM, PENNSYLVANIA 


BALDWIN -LIMA -HAMILTON 


General Offices: Philadelphia 42, Pa. * Offices in Principal Cities 
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If your products or components call for the properties 
of a stainless steel, here is a stainless that shows unusual 
promise for many applications. And this steel (Carpenter 
No. 3, Type 443) is particularly important today for 
jobs requiring an improved straight chrome stainless to 
replace the 18-8's restricted by Government 
Regulations. Carpenter Stainless No. 3 gives you 
excellent corrosion resistance, high resistance to scaling, 


Typical user reports on Carpenter Stainless No. 3 


fas 4 7j 
: Py, 


This rod end bearing for military aircraft 
must have heat resistance, ability to resist 
salt corrosion, good machinability and good 
cold forging qualities. Carpenter No. 3 has 
met all these requirements and is giving an 
excellent account of itself both as to corrosion 
and heat resistance at operating temper- 
atures up to 1000°F. Moreover, No. 3 is not 
subject to intergranular corrosion at 
this temperature. 


A word about availability... 

Carpenter Stainless No. 3 (Type 443) is available from 
Reading Warehouse Stocks, hot rolled annealed in sizes 
34” to 234” round. Other standard bar sizes and finishes, 


CARPENTER SPECIALTY 


and a /ow annealing temperature (500*F lower 
than type 304). Moreover, No. 3 provides machin- 
ability comparable to SAE 3145, 3250 or 4650. For 
more information on No. 3— its mechanical 
properties, relative workability, corrosion resistance, 
recommended uses, etc....drop us a line on your 
Company letterhead for the new descriptive folder 
on Carpenter No. 3. 


These jaw inserts for tenter clips grip and 
stretch nylon cloth as it rolls through finish- 
ing stages. Inserts must be spotless and must 
resist corrosive action of the dyes because 
a slight surface defect could break the 
threads. In addition to good corrosion resis- 
tance, No. 3 gave the inserts high wear 
resistance for long service— including 
resistance to abrasion from talc and china 
clay used in other textiles processed. 


also cold rolled strip, are manufactured to order in 
minimum quantities of 500 pounds per size. Mill ship- 
ments are currently 60 to 120 days from receipt of order 
and neither priorities nor allotments are required. 


THE CARPENTER STEEL CO., 117 W. Bern St., Reading, Pa 


STEELS Export Department: The Carpenter Steel Co., Port Washington, N. Y.—"*CARSTEELCO" 


CARPENTER MATCHED 
& DIE STEELS 
STEEL, 
2 MOLD 
, INDUSTRIAI 
STRICAL ALLOY 
, HIGH SPEED 
. BITS, TOOI 
DRILL RODS & 
LESS TUBING & 
FINE WIRE 


urpenter 


Stainless Steel 


pioneers in improved specialty steels 
Bien files (ike 


Call your nearest Carpenter Mill-Branch Warehouse, Office or Distributor 
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f e weet GO | | New Catalogs 
The Finest of Laminated Materials... and Bulletins... 


We are providing manufacturers with a complete line of precious 
metals laminated to non-precious base metals made to their exact speci- 
fications within the following limitations: 
SHEET STOCK: Maximum width—S are listed toward the 


Minimum width - nd of ev En : f 
Thickness—down to .003 end otf every section o 


TUBING: Maximum diameter 1” x .050" wall the HANDBOOK 

WIRE: All sizes down to .0045" diameter also in 
squares, rectangular and odd shapes. These new reports 

In addition to laminated materials we also furnish alloyed gold and f 
rom manufacturers 

silver in sheet, wire or tubing form 
The many varied applications of our materials cannot be listed here, keep vou 
but you are cordially invited to inquire for infor- 

mation regarding your requirements. everything newly avail- 


posted on 


e able to you. 
The Home of IMPROVED Service I 


Rhode Island's largest manufacturer 
of Laminated Metals 


The IMPROVED SEAMLESS WIRE COMPANY 


INCORPORATED 1898 


775 Eddy Street, Providence 5, Rhode Island 


You can easily 
obtain new catalogs 


and bulletins . . . 


simply by filling in the 
Available in: 


e CARBON STEEL f V\ following page 24. 
e STAINLESS STEEL \ \ á 
e ALUMINUM t Ó ) These post cards also 


Athex expanded metal imports its advantages 1 ’ , have spaces for you to 
to thousands of applications. You may hove it 


either plain or flattened in a wide voriety of / / 7 | indicate ADVERTISED 


types ond sizes 


ATHEX STAIR TREADS & AAA NA CY PRODUCTS shen 
INDUSTRIAL GRATING EE which you'd like to 


are made of extra heavy expanded metal, com Fi know more. y ou will 


bining strength, lightweight, maximum passage 


convenient post cards 


booklet showing aa } 1: i : » li 
of air and light, safer footing and ease of various types and , get the data you indl- 
installation for every industrial or commercial applications | 

need 


cate directly from the 


i 
I 
À i W — manufacturer. Make 
JH EX z I Please send me descriptive book- 


let of ATHEX Expanded Metal use of these handy, 
is a 


product of EYII a postage-paid cards. 


CHEW AVE. & ROSEHILL ST. + PHILA. 20, PA. | 


B: 
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By putting at your fingertips a wealth of factual information on a wide variety of wear-resistant materials: 


MATERIAL 


ABK Metal 


ABK Laminated 
Fabric 


American 
Brakeblok® 
Friction Materials 


Amsco® Pumps 


Amscoating * 
Hardfacing 
Products 


Bearing Metals 


Bronze and Copper 


Castings 


Ductalloy Castings * 


HC-250 Castings 


Meehanite * 


Thermalloy 
Castings? 


DESCRIPTION 


Nickel-chrome iron for 
severe abrasive service. 


Water-lubricated, 
molded bearing mate- 
rial 


Molded brake lining, 
standard and special. 


Pumps especially built 
for industrial liquids 


Alloy welding rods and 
electrodes 


Babbitt; bronze cored 
and solid bars. 


Aluminum bronzes, man- 
ganese bronzes, brass- 
es, copper alloys. 


Ductile cast iron (nodu- 
lar iron). 


High-chromium, high- 
carbon iron for severe 
abrasive service 


High-quality, controlled- 
property irons. 


Nickel-chrome heat- 
resistant alloys. 


USE 


Pump impellers and 
housings, ball mill liners, 
ash and slurry piping. 


Roll neck bearings, slip- 
per bearings, marine 
stern tube bearings. 


Brakes for cranes, hoists, 
shovels, draglines, etc 


Pumping sludges, slur- 
ries, ashes and similar 
fluids 


Hardfacing and build- 
up of industrial equip- 
ment. 


Bearings for rotating 
machinery and general 
industrial equipment. 


Mill and furnace parts, 
general machinery, 
gears, impellers. 


Complex, highly stressed 
parts impractical in 
other metals. 


Machinable parts to 
withstand extreme 
abrasion. 


Castings requiring spec- 
ified structure and con- 
sistent properties. 


Castings for heat, cor- 
rosion and abrasion re- 
sistant service. 


LITERATURE AVAILABLE 


Technical bulletin giving physical properties, character- 
istics, foundry and machining considerations, typical 
applications. Illustrated; 4 pages. 


Folder specifying physical and chemical properties, 
machining and operating characteristics. Photographs, 
cutaway views and diagrams; 6 pages. 


Catalog giving design and application data, material 
characteristics, specifications for various makes and 
models of equipment. 20 pages. 


Folder giving design and construction details, sizes, rat- 
ings, performance characteristics, service information 
Photographs, diagrams, exploded views: 8 pages. 


Selector wall chart showing characteristics of numerous 
hardfacing rods and electrodes, with nearest competi- 
tive equivalents. 


Technical bulletin giving data on composition, physical 
properties, applications, for eight types of babbitts; 
similar information on bronze bearings, bushings, guides, 
related parts. Tables, photographs; 16 pages 


Brochure giving applications, corrosion recommenda- 
tions, physical and chemical properties, analyses, speci- 
fications. Illustrated; 28 pages 


Technical bulletin giving characteristic curves, micro- 
structure, physical properties, foundry and machining 
characteristics. Illustrated; 12 pages. 


Technical folder giving physical properties, character- 
istics, applications, typical service records. Illustrated; 
6 pages. 


Booklet listing characteristics and physical properties of 
general engineering, heat resisting, and corrosion re- 
sisting types. Illustrated; 8 pages. 


Folders giving characteristics of specific alloys and ap- 
plications as retorts, centrifugal castings, heat-treating 
pots, kiln and cooler parts, furnace trays and fixtures. 


By developing and testing special designs or alloys in an experimental research center consisting of: 


Physical, chemical and metallurgical laboratories, 
and a modern experimental foundry organized to 
develop new alloys and methods of production, with 
special emphasis on problems involving industrial 


AMERICAN 


COMPANY 


58 PLANTS SERVING 


wear from impact, abrasion, heat, friction, vibration 
and corrosion. If your designs call for a part that 
should last longer, Brake Shoe research engineers 
may help you in developing it. Why not consult them? 


Attention: J.P. Carroll - 230 Park Avenue * New York 17, New York 





INDUSTRY AND TRANSPORTATION 


Are You Using Bearing Bronzes 
in any of these Specifications ? Catalogs 


SAE—660 and 


AMS——4840 
SAE— 64 AMS—4842 


. 
SAE— 67 AMS—4822 B ll ti 
AMS—4825 u C ns 
ASTM B-144 Type 3E 


ASTM B-144 Type 3A 


Request additional information using 
ASTM B-144 Type 3B 


postcards following page 24 


(N-1) ALUMINUM SHEET & 
... If you are, then it will PLATE—Kaiser Aluminum & Chemi- 
. cal Sales Inc., Handbook, 152 pp. In- 


pay you to consider cludes discussions of the properties of 


aluminum, applications of sheet and 


plate alloys, fabrication and finishing 
methods, plus tables covering availa 
| 5 
= BEARIUM : bilities; properties, and other informa- 
NL. METAL has the physi- 
1s WHY} 


tion. One page is devoted to each 
cal properties of these bronzes standard alloy, giving mechanical 


plus the frictional properties usu- properties and specific qualities 

ally found only in babbitt. The 

secret of Bearium Metal's supe- (N-2) MAGNESIUM FINISHING 
riority is due to the uniform dis- The Dow Chemical Co., Manual. 
tribution of microscopic lead 128 pages Describes in detail surface 
pusiidas wihie the copperdin stability and surface treatment, includ- 
ing cleaning, mechanical finishing, 
chemical treatments, electroplating, 
painting, and assembly protection for 


: magnesium alloy die castings, sand and 
; permanent mold castings, and sheet 
9 plate and extrusions 
- (N-3) BRONZE CASTING AI 
LOYS— American Manganese Bronze 
Co., Booklet, | Refer 


i8 pp. Called a 
ence Book on Bronze Casting Alloys," 


HERE 


grains rather than between the 
grain boundaries. 


Available in— 
ROUGH-CAST BARS it gives general information on com 
INDIVIDUAL CASTINGS ‘ 

COMPLETELY position, characteristics, and applica- 
MACHINED PARTS tions of many of the common or typical 


i alloys. Has index of specifications for 


) common kinds of bronze castings; and 
istics of bronze alloys in cast form 


l = an index of applications and character- 

(N-4) STAINLESS STEELS—Armco 

BEARIUM METAL ma j E. Steel Corp., Bulletin, 46 pp. Discusses 

Minden AERE E QUESTO the fundamentals of stainless steels, 
envermy duireputes. SEAN Tee ae q then the types of stainless steels, in 

co Sunes Me RESET cluding a complete chemical analysis 
Dad diiin. eR tale E So P of each. Types covered are: the chrom- 
P —— ep ium-nickel; ferritic chromium; the 


martensitic chromium; and the precipi 


FULL INFORMATION FURNISHED ON REQUEST tation-hardening types. Also gives 


other properties, and details on fabri- 
BEARIUM METALS CORP. ywer propertie in i n fabri 


cation, blackening, and electroplating 
264 State St., Rochester 14, N. Y. á : TET = 
(N-5) BRASS PARTS The New 
WEST COAST AFFILIATE: IN CANADA: Jersey Zinc Co., Booklet, 32 pp. En 
Nevin Engineering Associates Bearium Metals of Canada, Ltd. : fg > : 1 
932 Chautauqua Blvd 155 George St. titled, "Facts about Pressed Brass and 
Pacific Palisades, Col Toronto 2, Canada Other Non-Ferrous Powder Parts", it 


e AER SB NR is written primarily for designers, en 
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A national enterprise of long experience, such as 
Revere, inevitably accumulates a great deal of in- 
formation, not only about its own products, but about 
other companies, their products, facilities and skills. 
Some of this data naturally is confidential, and is 
respected as such, but often it can be made avail- 
able, with mutual advantage. Here are some examples. 
* A Revere customer asked for advice about expand- 
ing copper tube. We recommended a change in size, 












and referred the company to a firm we knew had both 
the necessary equipment, and 
the know-how. Result: business 
for the three of us. 






* A manufacturer had on his 
drawing boards a new product, 
a milk cooler. Having benefited 






by our collaboration in the past, 
he brought us into the picture, 
so that we were able to work 







closely with his engineers. Our 
knowledgeof bafflingled toasug- 
gestion that increased efficiency 
by 30%, used no more material, 
and also eliminated soldering. 

* When a product is in a highly competitive field, 
cost reduction can have a vital influence on sales and 
profits. The maker of a baby stroller asked Revere 






what could be done to cut costs of aluminum tube 
without affecting quality of the stroller. Changes in 
alloy and gauge were recommended, and proved effec- 








tive in every way. Revere now sells this manufacturer 
less aluminum per stroller, but has gained the respect 
and orders of a growing company. 

è Tuning condensers for radios usually have alumi- 
num plates, stamped from strip that has to be held 
to close standards as to gauge and flatness. A con- 
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BUSINESS IN MOTION 


To wits Colleagues e p — uisa.. , 








denser firm thought well enough of Revere to place 
a trial 500-pound order. Both the Sales Department 
and the Technical Advisory Service followed through, í 
ascertaining the individual requirements of the com- ' 
pany, and interpreting them in the light of mill tech- 
niques and previous experience in this field. The 
trial shipment was so satisfactory that a large pro- 
duction order was placed. 

* A most competent manufacturer told Revere he had 
been working for two years on an aluminum brazing 
problem. It wasn't an easy prob- 
lem to solve, as we found out 
when we dug into it, but we 
licked it in three weeks. After 
all, Revere began making alu- 
minum mill products in 1922, 
and through all the years since 
has been adding to its knowl- 
edge of the metal. 

* A fabricator took a contract 
to make soap dishes, a new kind 
of work to him. He had been 
told by his customer that each 
dish should be annealed twice. 
The Technical Advisory Service worked closely with 
him, set up specifications for temper and gauge, and 
stimulated new thinking on tool design. On two dishes, 
annealing was eliminated; on another, only one anneal 
is required. 

Theseare but a few cases from the Reverefiles. Many 
other suppliers of materials of all kinds can match 
them. You may not buy metals, but such things as 
wood, paint, felt, chemicals, cement; no matter. What- 
ever you purchase, it will pay you well to take advan- 
tage of the special knowledge and skill of the firms 
with which your purchasing department is in contact. 


REVERE COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
Executive Offices: 230 Park Avenue, New York 17, N. Y. 


SEE REVERE'S "MEET THE PRESS" ON NBC TELEVISION, SUNDAYS 


B 


OF MANY MODERN PRODUCTS 


Diamonp Perforated Metal is al- 
ready an important factor in the design 
and construction of more products that 
enter into everyday life than most people 
realize. In space heaters, for example, 
in air conditioners. television sets, dif- 
fused lighting fixtures, the ornamental 
enclosures which conceal your radiators, 
the spinner basket of your washing ma- 
chine, the screens which prepare the 
coal you burn and the food you eat. 


Industrial applications cover an even 
wider range — from machinery guards 
and sound control equipment to stain- 
less steel screens for oil refineries and 
synthetic rubber plants. But all of these 
are only the beginning of more and 
greater achievements to come. New 
opportunities are developing every day 
as we keep in step with the develop- 
ments and requirements of engineers, 
chemists and industrial designers. 


Catalog 39 shows many present appli- 
cations,—gives all the illustrations and 
working data you need to plan ahead. 
Write today for a free copy and tell us 
about any present or prospective re- 
quirement. We are equipped to fabri- 
cate complete parts, if desired, and our 
engineers welcome opportunities to make 
money-saving suggestions. 


A 


4 


SPACE HEATERS 


UNIT HEATERS 


SPIN DRYERS 


<=> 
£n 


* 


LIGHT FIXTURES 


DIAMOND MANUFACTURING CO. 


TD OE | eA, 


PENNA. 


gineers, and metallurgists, and is in- 
tended to be a reference when designing 
and selecting small structural parts for 
fabrication by powdered metallurgy. 
The first section. discusses maximum 
and minimum sizes, practical shapes, 
physical and mechanical properties, 
precision and tolerances, plating and 
other finishes, self-lubricating, produc 
tion speeds, raw materials, and tool 
costs. The second section contains 24 
case histories of commercial parts, il- 
lustrating various aspects on the topics 
in the first section 


(N-6) COPPER-BASE ALLOY ROD 

Copper and Brass Research Associa 
tion. Handbook, 30 pp. Discusses the 
advantage of using copper-base alloys; 
forms and tempers; table of mechanical 
properties; complete details on machin 
ing; supplementary or secondary oper 
ations; and assembly operations. Has 
illustrations on each topic plus many 
tables 


(N-7) TITANIUM AND ALLOYS 

Republic Steel Corp., Booklet 588, 
30 pp. Gives background data plus de- 
tails on melting titanium including in 
duction and arc melting, plus details 
on processing. Also gives physical 
properties on pure titanium and dis 
cusses composition, physical properties, 
impact, heat treatment of alloy titani 
um, and forming, machining, welding, 
brazing, soldering and the fabrication 
of titanium. Also gives corrosion re- 
sistance, approximate theoretical 
weights and hardness conversion 
curves 


(N-8) COPPER SPECIFICATIONS 
INDEX—The American Brass Co., 
Booklet B-34, 28 pp. Entitled I 
and Copper Alloy Specification Index", 
the booklet is divided into two se 
tions, the first covering generally used 
copper alloys, together with the appli 
cable specifications of nine different 
agencies. The second lists specifications 
in numerical order with a brief de 
scription of the material as to alloy 
grade, type, temper and anneal 


(N-9) PROPERTIES OF MAGNET 
IC ALLOYS—The Arnold Engineer 
ing Co., Bulletin TC-101, 26 pp 
Discusses the use of such magnet 
materials as deltamax, 4-79 mo-permal 
loy, and supermalloy. A list of 14 sizes 
of standard cores has a range in weight 
from 3.0 to 3,410 grams. Has 16 pages 
of curves giving data on these alloys 
Illustrations show variety of tape 


wound cores 


(N-10) MODERN METAL PROC 

ESSING—General Electric Co., Bulle 
tins GEA-5797 and 5912, 20 pp 
Titled, “Annealing of Malleable Iron,” 
ind ‘‘Heat-Treating Equipment for 
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PEACE TIME 
DEFENSE TIME 


EVERY TIME 


es ro I p 


THE STANDARD TUBE CO. 


Detroitas Lai Michigan 


rj 
Welded Tubing E Fabricated Parts 
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welded steel and 
stainless steel tubing 


sizes and thickness chart 


Tube 
Dia. Wall Thickness Ranget 


O.D. Carbon Steel [Stainless Steel 


Max. 


.065 

.083 

083 

083 

.120 

.120 

134 

.134 

.148 

.148 

.165 

.148 

.165 

.180 

.203 

.203 

049 148 

049 203 

049 220 

3% 049 .220 

35 049 .238 
a 049 
44 065 
434 065 
5 .065 
52 065 


Please consult us for intermediate sizes not 
listed 
¢ Wall thickness in decimals of inches corre- 
sponds with Birmingham Wire Gauge. Decimal 
gauges as specified by A.S.M.E. codes can be 
furnished 
Max. Length—50 ft. Drawn tubing—24 ft. 


sales representatives 
STANDARD TUBE SALES CORPORATION — 
7601 Woodhaven Blvd., Brooklyn 27, N. Y 
C. A. McCLENATHAN — 
447 Glenwood Boulevard, Erie 5, Pa 
LAPHAM-HICKEY COMPANY — 
3333 West 47th Place, Chicago 32, III. 
Branches 
4738 W. Lisbon Ave., Milwaukee 8, Wis 
2127 LeClaire St., Davenport, lowa 
8334 Roland St., Cincinnati 15, Ohio 
500 Pioneer Bldg., St. Paul 1, Minn 
5204 Boulevard Place, Indianapolis, Ind 
INDUSTRIAL PRODUCTS SALES, INC. — 
227 West Exchange St., Akron, Ohio 
LAWRENCE-TOTTEN COMPANY — 
714 W. Olympic Bivd., Los Angeles 15, Caiif. 
Branches 
55 New Montgomery St., San Francisco 5, Calif. 
710 Second Ave., Seattle 4, Wash 
METAL GOODS CORPORATION— 
5239 Brown Avenue, St. Louis 15, Mo 
1300 Burlington, North Kansas City 16, Mo. 
302 North Boston, Tulsa 3, Okla 
6211 Cedar Springs Rd., Dallas 9, Texas 
711 Milby Street, Houston 3, Texas 
432 Julia Street, New Orleans 12, La 
2425 Walnut Street, Denver 2, Colorado 
RICHARD WADE— 
1420 Hamilton Bank Bidg., Chattanooga 2, Tenn 
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Thé œ 


arrinaton & 


Kin 
Co. 


5618 FILLMORE ST., CHICAGO 44, ILLINOIS 
NEW YORK: 114 LIBERTY STREET, 6 


PERFORATING 


MATERIALS 


All of the metals — steel, copper, 
brass, aluminum, monel, zinc and 
stainless steel. 

Wood Products — hard boards and 
plywood. 


ANVERS 
The largest shop in the country de- 
voted exclusively to perforating — 
with 70 years of experience and 
specialized equipment designed to 


handle small or large orders—with 
emphasis on quality workmanship ot 
lowest possible prices. 


Plastics—and plastic coated fabrics 
in sheets or rolls. Materials can be 
perforated in sheets, plates or coils 


Ep | 
Round holes from 1/50” diameter mee 
up through 9" diameter. 

Slotted patterns from .006 wide, 
upward. Squares, triangles, orna- 
mental and special shapes in a wide 
range of patterns, spacings and 
arrangements, 


FABRICATING 


Shearing, rolling, welding, emboss- e 
ing and other fabrication when ei 
required. an 


V 


Catalog No. 62 


Fully illustrotes ond de- 
scribes H & K Perforations 
—write for your copy 


The 
Metals 


Handbook 


1332 Large pages 
1752 Illustrations 
1057 Tables 

803 Articles 
1,620,000 Words 
40,000 Copies in use 


Has Hundreds 
of Structural Uses 
in Modern Plants 


Fa Hame 


a ca; mo 


t ind engineers for al 
Walls and Partitions ate and authorit it 
Doors f the ; 3 > me tals rhe Met ils 
Counters and Shelves . the ms p 
À the making 

Traffic Panels , tion was compiled an« 
Truck Bodies (Patented F i ess " n mi 

Ribless'' Construction) ys -— 
Truck B 1 re 0 
X Rey gr icked by the Society as 
Moisture- Vapor-Proof es a 5 quedes 1» wee 1 
Rooms and Containers E M -W : p 
Decorative Finishes 


Met-L- Wood s 


Here is a book without a competitor . 
refabricated 


& book written by re than 


those 


500 scientist 


wl need ag 


than 


jssible referenc 


al properties, fa 
) s divided into 
and < ains &( separate and data 
, proces 
and 


are 


heets or 


SEND FOR 

ON met-L-wog o ETIN en All metals, all processes, 
€ ADVANTAGES n ided The 64-page inde x and 4-page 
Quick facts, with on on how o use the book 
illustrations and » find what you 
diagrams on Mer-] - VO es 


1 metais propertie 


testing, inspection, contro 


make 

want 

ypies of this edition are r 

cientists and engineers « 

need a« information about 
eta Order y today by returning 

OD on request the coupon, Pr $15.00. 


ace ee ee eee ee 


American Society for Metals, Room 476 
7312 Euclid Ave., Cleveland 3, Ohio 


of Metals Handbook 


s who curate 


Met-L-Wood is metal 
bonded to plywood — per- 
manently. Many metals, 
woods, thicknesses, shapes 
finishes are available to 
meet YOUR requirements. 


MET-L-WOOD CORPORATION 


6755 West 65th Street * Chicago 38, Illinois 


"Met-L-Wood... opening new horizons to structural designers 


our copy 


obligati 


ice 1 


' 
' 
Rush me a copy : 
NAME , 
COMPANY : 
ADDRESS à: 
CITY Er 
$15.00 Enclosed C) Bill me. 1 


STATE 


Bes 
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Ask your nearest Sandvik office for <. 
further information or technical assistaggs 
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Wherever spring steel performance is vital, it pays to 
look into the "character" of the steel you specify. By 
"character" we mean the inherent quality of the material 
which enables it to meet tough physical demands. 
Sandvik Swedish strip steels have a special "aptitude" 
for tough applications. (For example, take a look at the 
partial list below). The extraordinary "character" of 
Sandvik steel results from a basic purity of raw ma- 
terials, plus specialized methods and close control 
maintained throughout processing. This assures con- 
sistent, successful performance coil after coil, lot to lot. 


Sandvik cold rolled high carbon strip steel is available: 
In special analyses for specific applications. 
Precision-rolled in thicknesses to fit your requirements, 
In straight carbon and alloy grades. 

Annealed, unannealed or hardened and tempered. 
Polished bright, yellow or blue. 

With square, round or dressed edges. 

Wide range of sizes in stock—also slitting facilities available. 


K Swedish Specialty Strip Steels are used for Textile 
Machine Parts such as sinkers, needles, etc. + Band Saws (metal, 
wood and butcher) * Camera Shutters * Clock and Watch Springs 
* Compressor Valves + Doctor Blades + Feeler Gauges + Knives 
such as cigarette knives, surgical instruments, etc. + Razor Blades 
* Reeds * Shock Absorbers * A Wide Variety of Springs * Trowels 
¢ Vibrator Reeds * Piston Ring Segment and Expanders, etc. 


Sandvik also supplies high quality Swedish Magnet Iron Strip and 
Wire for specialized electrical purposes such as direct current relays, 
electromagnetic brakes, couplings, chucks etc. 





METAL eile a 


EXPANDED _ 
m METAL 


Experienced housewives prefer 

, S Je a T 

il 0 one o il Ironing Boards with Penmetal Ex 
Ir on itionin panded Metal tops. They're stronger 
-lighter—non-warping for smoother 

ironing — “air-conditioned” to mini- 


FOR IRONING mize pad scorching and accidental fire. 
BOARDS Dealers prefer them because they 


sell on sight—and for less. 


Manufacturers prefer Penmetal Ex- 

panded Metal Mesh for countless ap- 

plications. It’s easily formed, shaped 

and welded . .. weighs less than solid 
v : sheets. Costs less, too. 


. e. 
Rid id 
Knee Room 
Adjustable All- 
Steel Ironing 
Table. Mfg. by 
The J.R. Clark 
Co., Spring 

Park, Minn 


Jo dd 


OPEN\TO LIGHT, HEAT AND AIR. PENMMETAL ex pánded/ 
metal is the material of economy — for protecting, fot 
screening, for lightweight yet strong construction. X 


MAKES A LITTLE METAL GO A LONG WAY. PENMETAL \/ 
expanded metal is sheet metal which has been 7 
then stretched to as much as 10 times original area. 


CORROSION-RESISTANT METALS AVAILABLE, as well J 
carbon steel. Large or small mesh, light or heavy TA 
Each sheet is a unit without rivets or welds. 


UP TO 80% LIGHTER than solid sheet of same à 


sions. Diamond truss pattern adds UN and stre T a 
j miTAl Mar, 


For more information, 
write for Free Bulletin EM40 


PENN METAL COMPANY, INC. 


GENERAL SALES OFFICES . 205 East 42nd Street, New York 17, N. Y. 
BOSTON, PHILADELPHIA, WASHINGTON, PARKERSBURG, W. VA., 
DETROIT, CHICAGO, DALLAS, LOS ANGELES, SAN FRANCISCO, SEATTLE 


Product 


Aluminum The first dis 
shortening of annealing cycles 
ts t mperaturt analysis 
vcle and t! Various types ol | 
rs thi pro ess 

annealing 


ng of aluminun 


GEAR MATERIALS 
national Nickel 
t EW-92 5, 204 


effects 
atments 
precipitation h 
troloy N are 


tly levelo 


NOMENCLATURI 

m Asso lat n . Bookl 

à elossar y ot tern 
et a ate 
and t ubula 

tions of, and mi 


applica ble to th 


(N-13) PRECISION NON 


ROUS CASTINGS Univer 
ngs Corp., Booklet 4000, 1« 


id th 


bronz 


n 


(N-14) ALLOY STEEL PRODI 


Stroh Process Steel Co. Cat 
luded are pages on Cas 

ars, mill pum s 
i 
i 


»OXCSs flang pe 
ts, sheaves, rac ks. and 
Also has a comparison 
haracteristics of Stroh 20 
ring and standard 


eth gearing 


(N-15) ALUMINUM MILI 
UC 

I2 pp It gives the advant 
wrought aluminum alloys, 

the various product forms, 
loys, tempers, and SIZCS that ar 


Ing alloys ATC also 
Also has an alloy selection 
well as information on fabricat 


finishing 


(N-16) SPECIAL PURPOSE 

Arnco Steel Corp., Catalog, 
Describes special purpose stc 
as stainless grades, zinc and al 
steels, terne coat, enameling 
mechanical steel tubing. One 
discusses Type 430 Stainless S 
tells how it may be used as an 
for Type 302 
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STRUCTURES 


mi 
pn 


AC9II5 ALLOY STEEL 


The production of gas turbines for jet aircraft engines and other 

uses is dependent upon metals which at both high and low 

temperatures have good strength, toughness, and stability before 

and after welding. N-A-X AC9115 ALLOY STEEL possesses these 

properties and is applicable to those parts where the operating A New Booklet 
temperatures range from —70° F. up to about +1000° F., and For Design Engineers 
where suitable coatings are used for surface protection against 

normal and hot corrosion. 


N-A-X AC9115 ALLOY STEEL has outstanding cold forming and 
welding characteristics and conserves critical alloys in its 
composition. 


For more information about N-A-X AC9115 ALLOY STEEL, send for 
our new booklet. 


Write for this 16-page 
booklet on N-A-X 
AC9115 ALLOY STEEL. It 
describes the properties 
and characteristics of this 
material and offers 
information on its 
fabricating and welding 
properties. 


io] f [ono 


NATIONAL Qm PEL NAX 


MIGM-TENSILE STEEL 
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NEW BOOKS 


Non- Metallic 


Synthetic Resins and 
tices. Edited by R. S. 
H. M. Langton, 7 
Published by 

Press, 114 Fifth 
NE. 


Allied Prac- 
Morrell and 
i7 pages, 6 x 9 in. 
Oxford University 
Ave., New York 11, 


theories on the chemistry of the phen- 
amino-formaldehyde, 
synthetic Some 
material 


I-formaldehyde, 


other 


resins; gums; 


and lacquer resins; alkyd resins; 

lac; ] troleum hydrocart d 
lac; and petroleum hydrocarbon an 
rubber resins. Ref photog 
formulas, tables, and diagrams ar 


luded 


uaca 


erences, 'raphs, 


Cellulose by William Haynes, 386 
pp, © x 812 in. Published by Dou- 
bleday & Co., Inc., Garden City, 
New York, N. Y. $4 


In this history of fact ! 

the story of the cel 
industry from the age of Marco 
Polo to the present, and gives th 
paradoxical and cor mp lex qualities of 
chemical E 15 \ 
modern ucts and the 
the future—plastics, nylon, 


lethal 


the author relates 


j 
uiose 


this useful the story 
otf our most 
[ rod icts of 
xplosives, ind even 
Mr. Haynes 
glossary, 
discover 


lac gue rs 
has in 
a chronology 


ure for ulcers 
luded a concise 
and 


statistical an 


or events 


lices otf 


Extrusion of Plastics, Rubber and 
Metals by Herbert R. Simonds, 
Archie J. Weith and William 
Schack. 454 pp, 6 x 9 in. Published 
by Reinbold Publishing Corp., 330 
"^, 42nd St., New York 36, 
$10. 
[he first part of the book, compris 
ng about two-thirds of the material, is 
levoted exclusively to the extrusion of 
Here, the extruding machine 
is fully described and the many appli- 
ations of extruded plastics are dis 
issed. All commercially important 
iethods of dry extrusion such as mul 
tiple-screw machines, multi-screw ma 
chines, multi-colored products, sheets 
and films, and methods of compressing, 
e— n and extrusion packaging are 
described in a detailed yet easily 
derstandable manner 


B72 


1 > 
plastics. 
I 


ull 


The remainde 
on extru 
rods, billet, 
ber, food 
and 


given to 


r of the book focuses 
metals, i.e., sheets, 


as rub- 


sion. of 
and such material 
products, ceramics, graphite, 
ice, With special attention 
recent advances in the field, 
a combination of the 
and practical approach, all 
iptions of extrusion methods 

: carefully geared to the nature and 
| ration of factory equipment. 


even 
the book offers 
chnical 


descr 


u ope 
I 


The Plastics Industry by Barrett L. 
Crandall, formerly Director of the 
Society of the Plastic Industry, New 
York, N. Y. 6 x 9 in., 36 pp. Pub- 
lished by Bellman Publishing Co., 
P. O. Box 172, Cambridge 38, Mass., 


$1. 


A brief but informative summary of 
the followinng aspects of the plastics 
industry: (1) Make-up of the Indus 

(2) Methods, Forming and Fab 
ition of Plastics; (3) Description 
and Definitions of the Various Plas 
tics Materials; (4) Personnel, Schools, 
Trade Associations and Trade Papers 


Associated with the Industry 


Technical Data On Plastics. 184 pp, 
9 x 11 in. Published by the Manu- 
facturing Chemists Association, Inc., 
246 Woodward Bldg., Washington 
5, D. C. $2.50. 


This new revised 4th edition of 
Technical Data on Plastics" is an in 
dustry handbook that describes and 
atalogs properties of all commercially 
available plastics. It covers 24 types o! 
plastic materials and contains two new 
sections cowering the properties of vari 
ous plastics in the form of foams oi 
thin films 

This volume attempts to focus the 
ittention of molders, fabricators of 
plastics on the measured properties of 
these materials and on the variables 
that affect these properties. 

The materials for which data are 
published for the first time are alkyd 
and silicone molding compounds and 
epoxy resins. Other types of plastics 
comm in the book include: urea-for- 
maldehyde molding materials; cast 
phenolic resins laminate thermosetting 
products; laminated melamine prod 
ucts; allyl and polyester plastics; acryl- 
ics; polyethylene, fluorocarbons; poly- 
vinyl formal and butyral; vinyl chloride 


Product 


Materials & Finishes 


and 


cellulose 


poly mer 


co polymers; Y 
chloride; 


propionat 
cellulose; cellulose nitrate: 
acetate sheets and molding 
butyrat 

the 


descriptive 


cellulose 
For 
book 


on 


acetate 
each ot above 
presents 
characteristics; 

and tabular data on fabricati 
bility; electrical, mechanical 
cellaneous properties; typi 
trade 


- 
general 


names and limitations 


Symposium on Structural Sandwid 
Construction. Published by th 
American Society for Testing Ms 
terials, 1916 Race St., Philadel) T 
3, Pa. 120 pages. $2. 


This book is made up of 

and discussions that were ; 
sented at the 1951 annual meeting 
American Society Testing M 
terials. The papers are: i 
and Trends in Lightweight Compos 
Construction; Sandwich Constructia 
in the Elastic Range; Strength of Sand 
wich Construction; Compressive ani 
Torsional Instability of Sandwich Gi 
nders; Paper Honeycomb as a core ft 
Structural Sandwich Construction 
Aluminum Honeycomb Sandwich Cos 
struction, Developments in Strucud 
Sandwich Building Panels Having] Is 
organic Cores; and Fabrication Ted 
niques for Structural Sandwich Cos 
structions. These papers are illustrate 


papers 
the for 


Developme: 


Fiber Glass Reinforced Plastics | 
The Polyester Laminating Field 
137 pages, 8 x 10 in. Published 
the FRP Associates, 4 Brattle & 
Cambridge 38, Mass. $10. 


Prepared by eight seconda 
students at the Harvard Gradut 
School of Business Administration, ^ 
report is intended to be an ov 
survey of the fibrous glass reintor 
plastics laminating field, with 
sis on polyester glass low pres 
inating. It has the physical an 
cal properties of the raw mate 
a description of the molding tc 
and the machining characteri:! 
remainder of the book disa 
various fields where fibrous g! 
forced plastics have been use 


over 
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C NON-METALLIC MATERIALS AND FINISHES 


Properties and Uses of 
Fluorocarbons: 


Commercial types, forms, and compositions, including Teflon, Kel-F, Exon, 
and Fluorothene, Present and potential applications as bases for plastics, 


coatings, lubricants, rubber, and dielectric fluids and coolants. 


SEARCH ACTIVITY both dur and a low 
lowing World War II has 


reased the 


dielectric constant factors 
which indicate excellent insulating qual 
knowledge of ities for primary and 


Have a viscosity 


secondary us¢ 
index, which al 
though somewhat inferior to hydrocar 


ns and their properties. In . 
loro-organic compounds 


hemically stable up to about 
do not dec omposc or burn 
and they arc 

is to attack by strong acids and 
Oxygen, weather, ba 


ultra-violet light 


ozone, 


in compositions containing 
ı and hydrogen or only car 


bon lubricants, i as non 
flammable or high 

ints and hydrauli 

* Have ll below 
that of water and only one-half that of 
the hydrocarbon compounds 


* Have 


substance cs 


a surface tension we 


e 
less solubility for organ 


than equivalent hydrocar 


iorine, boiling and freezing bons, and 


lar to their hydrocarbon an 


reactive type 


very low solubility 


immersed 


chara 
teristics W hen 


compounds such Because of thes 


acids, and anhydrides, the istics and the specific p 
rbon derivatives boil much low pounds 


fluc yrocarDons are 


mercial com 
ir hydrocarbon analogs 


ss a high electrical resistivity of desig 


product d 


Fig. I— Teflon is being used in a wide variety of applications, including (left) valve liners and diaphragms for corrosive 


esistant applications, and (right) electrical components: (a) coaxial spacers: (b) 


connector inserts; (c) insulation. 


Bottom locking ring Adjusting screw 
ond nut 
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Fluorocarbons 
Table I—Properties of Teflon 


| i as Plastics 


I 
| 
| Test Method | 
| 
| 


Property Test Value 


The field of fluorine plastic 
sents the widest application of 
carbons in industry at this time 

Initially developed to fulfill : 
needs, polyme rized fluorocarl 
fluorine plastics open a new 
stable, nonflammable, high tem; 
and chemically inert materials « 
dielectric properties. These pr 
D695-44T 1,700 are attributed to fluorine atoms 
Coefficient of linear thermal expansion per deg, 77-140 F D696-44 5.5 x 10 molecular structure of the plast 
Thermal conductivity, 0.18 in B.T.U. /hr /sq ft /F /in (1) 1.7 aoe — z ell — 

U OTOL i C5 5 O0 E 

E biais a P.. 1400 pol, 8$ bro, percent today. Polytetrafluoroethylene « T 
Bst dijiotdies DEED d is that developed by the E. I. dul 
Dieloctris strengths, sherb tiene, 0.000 ia., V/mil Nemours and Company, In 
seti dbdetibiduiin..... chemicals Department and F z 
Finishes Department. Kel-F 
orothene are pinnone 
oethylenes produced by the M 
Kellogg Company, Chemical M 

icturing and the Car 
and Carbon Chemicals Compar 
spectively. In addition, Fluon w! 
similar to Teflon is being made in I 
land by ICI, and Exon 400 or V 
form, which is a copolyn 
vinylidene fluoride and chlorotrifl 
oethylene, is being manufactured | 
as a coating material and as a mold 
and extrusion material by the Firest 
and Rubber Co l 


Tensile strength, 
Elongation, 
Flexural strength, 
Stiffness, 

Impact Strength, Izod 7 


77 F, psi 
77 F, psi 
77 F, psi 


D638-46T | 1,500-2,500 
D638-46T | 100-200 
D790-4ST | did not break 
D790-45T | 60,000 


D256-47T 2.0 
D256-47T 4.0 


D256-47T 6.0 
Hardness, Durometer D676-47T D55-D70 


Compressive stress at 0.1 percent deformation, psi.. 


0.25 
4-8 
270 


D621-48T 
D648B-45T 
D149-44 400—500(2) 
D494-42 | 700(3) 
D257-46 10 
D257-46 3.6 x 10 
D150-47T 2.0 


D150-47T 
D150-47T 
D150-47T 
D150-47T 
D150-47T 
D150-47T 
D150-47T 


D570-42 
D635-44 
D792-48T 


Volume resistivity, ohm-cm... 

Surface resistivity, 100 percent R.H. megohms 

Dielectric constant, 60 cycles. 
[10 cycles 

|10 cycles. . 
[10 cycles.... 

160 cycles.... 
[10 cycles. . 

i 110 S, 

|10 cycles . 

Water-absorption, percent 


Flammebility, in. /min.... 


Division 
Power factor 


0.0005 
0.0005 
0.0 
Nonflammable 
2.1-2.3 


excellent (4) 


Specific gravity 
Resistance to weathering... . 


Tests have been formed by ASTM methods unless otherwise indicated. 
are average valucs should not be used for specifications Tir 

(1) Thermal conductivity measured by Cenco-Fitch apparatus IS 

(2) Value is 1,000-2,000 volts /mil in thicknesses of 5 to 12 mils. 

(3) Does not track. ; 

(4) No detectable change after 5 years of outdoor exposure in Florida. (lon 


Teflor 


Data shown 


1: has been used successfi 


Table II—Mechanical Properties of Filled Teflon Compositions 


Filler Proportions in Percent by Weight 


: — iced spi 
33 % | 50 % 67% 25 % 50% 75% 52% 
Carbon | Carbon Carbon | Graphite | Graphite | Graphite | Asbestos | Ta 


ASTM 


Unfilled | 
Test Teflon 


Property Units Zircon 


D638 


1,780 | 1,700| 


Tensile strength psi 1,990 | 


Elongation percent 


1,800 
100-200 


2,300 1,790 


5.9 


2,375 | 2,200 2,425 2,300 | 


j 
I 
I 
I 


Modulus of 

elasticity psi 
Flexural 
strength psi 
Compressive 

strength | pei 
Impact | 


strength, Izod | ft-lb in. 


2,000 psi, 24 hr percent 


Hardness 
Shore “D” | 


Density of 
molding gm /cc 
(B.T.U/| 

hr/sq | (Cenco- 
|ft/F/in| Fitch) | 
Electrical | | | 
Remis amem) — | 
Water (2-hour | 


Thermal 
conductivity 


absorption 


58,000 
Did not 
break | 


Did not | 
break 


421,000 | 431,000 574,000 309,000 


6,100 6,200 3,980 5,700 4,560 


8,650 


4.0 


25 


378,000 | 


12 | 02 


4.7 | 
1.190.000 310,000 | 
4,080 [Pirene | 4.170 | 4,200 
| | 2,900 





ns 


Stic 
| of 
ime 
fill r 
cart 
w f 
em} 
als « 
pr 
toms 
plast 
1OWI 
the 
ne or | 
|. dul 
Inc 
Fabr 
F and 
lorot 
the 
ica 
the 


om} any 


ion w! 
nade 

00 or 
polyn 


hlorotrif 
actured | 
1s a mol 


the Fires 


res lower than —94 F, 


iechanical components, gas- 
packings, electrical insulators 
ind tubing and rod for chem- 
thly corrosive service. Its out- 
properties are: (1) toughness 
e range of temperatures; (2) 
trical characteristics over a 
ge of frequencies; (3) chem- 
4) heat resistance; (5) 
cient of friction; and (6) 
siveness, Table I. 
has a waxy, chalk-white ap 
but in thin sections, is trans 
is tough, somewhat resilient 
nflammable. Above 620 F, 
from a normal crystalline struc- 
ın amorphous jelly. Around 
t decomposes slowly to a gase 
1omer and small portions of 
iseous derivatives of fluorine, 
nperatures below 620 F, main 
stability. DuPont tests indicate 
nsile strength of molded bars 
50 F for one month will drop 
to 20 percent. At 480 F, the 
icgligible over long intervals. In 
no loss in weight occurs when 
rial is baked at 700 F for sev- 
The plastic has equally good 
s at low temperatures. It has 
und to be flexible at tempera- 
and has been 
ed satisfactorily with liquid air 
eratures as low as —320 F. 
n has been boiled in halogenat- 
rocarbons, ketones, esters, alco- 
iqua regia, hydrofluoric acid, 
acid, nitric acid, and other 
is oxidizing materials without 
wing any signs of attack. DuPont 


hed 


sts show it 1s equally resistant to the 
ick of strong 


alkalies such as chlor 
bromine, or iodine; but that 
molten alkali metals and 
trifluoride will react at high 
ratures and pressures. Teflon has 
r absorption and is unaffected 
loor weathering or fungus attack 
tensile strength of the plastic is 
lered to be adequate for most 
At loads of 1,500 to 2,000 psi, it 
to draw. Its impact strength, 
r, is relatively high over an ex- 
range of temperatures. At —70 
Izod impact value is 2.0 
170 F, the value is 6.0 ft-lb per 
Under compression, the plastic 
s but after a short time with no 
r pressure or temperature chang- 
mains stable. When pressure is 
recovery rises with increases 
perature but only by heating to 
its transition point, is complete 
y possible. In applications, Tef- 
rts are forced into assemblies at 
est temperature at which they 
used. Higher temperatures then 
t affect their sealing properties 
n has found great success in the 
on field. Its extreme heat stabil- 


ity, mechanical toughness, and ability 
to withstand impact plus the advantage 
that corrosive materials, solvents and 
water do not affect it, give it a combina- 
tion of properties previously unobtain 
able with other materials. 

Where low loss factors are impera- 
tive as in radio and high frequency 
uses, Teflon’s loss factor of less than 
0.0005 and a dielectric constant of only 
' ("throughout the frequency range ot 
60 cycles to 30,000 megacycles is par 
ti ularly advantageous. It is serviceable 
at any temperature from -110 F to 
575 F for long periods with negligible 
change in dielectric strength, power 
factor or other critical electrical char- 
acteristics. In contrast to other plastics, 
it is not subject to carbonization in casc 
of arcing. On exposure to an arc, the 
material is decomposed to a vapor 
which leaves no carbonized path. As 
soon as the arc is extinguished, the full 
insulation strength is restored. 

Its short time dielectric strength is 
igh. In thicknesses of 5 to 12 mils, 
values of 1,000-2,000 volts per mil are 
common. Recommended working stress 

however, are those ranging from 
50 to 100 volts per mil, which are 
typical of those used in the design of 
notors and generators. Since the ma 
terial is degraded by corona, duPont 
does not recommend its use as insula- 
tion for equipment in which operating 
voltages are greater than 2,300 volts. 

In summary, then, Teflon is capable 
of continuous service at 500 F without 
deterioration, is mechanically strong, is 
casy to handle in wrapping operations 
and conforms well to odd shapes, has 
excellent electrical properties over wide 
ranges of temperatures and frequencies, 
and has the highest degree of chemical 
inertness of any plastic. In addition, 
fillers can be molded into the material 
to increase stiffness, hardness and com 
pressive strength, Table IT, and to re 
duce deformation under load. Materials 
generally used include carbon, graphite, 
asbestos, talc, copper powder, and zir- 
con and glass fibers 

In spite of the material's temperature 
resistance, several limitations to its usc 
have been discovered. It has a co- 
efficient of thermal expansion which be- 
low 130 C (266 F) is approximately 
39 x 105 cc/cc/deg C while above 
130 C it moves sharply to 53 x 105 
Seemingly, in applications such as air- 
craft assemblies, where extreme temper- 
atures are possible, this factor would 
have to be carefully studied to prevent 
structural voids in the parts. This “cold 
flow” characteristic has made it difficult 
to hold metal inserts at extreme tem- 
peratures, and resultant distortion may 
be very high under compressive load 
at low temperatures. 

Another disadvantage of the ma- 
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terial is the difficulty with which it. is 
molded by conventional techniques 
Since it does not melt and flow as do 
conventional thermoplastic resins, it 
must be molded into shapes using tech 
niques similar to those employed in 
producing powder metal parts; thesc 
techniques are being adapted quite suc 
cessfully for molding a variety of in 
tricate shapes. However, it is usually 
preferable to fabricate pieces from ex 
truded rod, tube or strip since the mat« 
rial is readily machined or blanked 

Whether the fact that no known ce 
ment exists for Teflon is an advantage 
or disadvantage is debatable. As indi 
cated, the inability to hold metal inserts 
at high temperatures is a distinct dis- 
advantage. On the other hand, the non- 
adhesiveness of the plastic in applica 
tions on the jaws of heat-sealing 
machines and on conveyor rolls that 
handle sticky substances is advantage 
ous in eliminating shut-down 

Hermetic scaling between Teflon and 
metal can be accomplished by a special 
technique. Copper powder is molded 
into the surface of a part at the section 
to be sealed so that it is securely locked 
in. The copper surface is then electro 
plated to form a base that can be read 
ily soldered for easy joining 


Applications of Teflon 


One of the big fields for Teflon is 
in gaskets and packings. Its mechanical 
properties, Fig. 2 (A), are i, se 
to those of high grade rubber-bonded 
asbestos, except for the compression 
characteristics. It compresses at a unt 
form rate with increasing load whereas 
with asbestos the con\ erse is true. Re- 
covery upon removal of the load pro 
ceeds at about the same rate for both 
materials. A lack of resiliency is indi 
cated by the steepness of the recovery 
curves. In applications involving varia 
tions in temperature, the pressure ot 
the gasket changes through expansion 
and contraction of the flanges and 
bolts. This may necessitate spring 
loaded bolts. 

Under long time compressive load, 
Fig. 2 (B), the tendency for Teflon 
to cold flow is not excessive and 
equilibrium is reached after only the 
first few hours of load application at a 
given temperature and pressure. No 
further deformation of the Teflon will 
occur until the load or temperature is 
changed on the material. 

Gaskets fabricated from Teflon, Fig 
3, include solid, jacketed, spiral wound, 
and impregnated types. Solid gaskets 
are used in applications where stand 
ard design flanges are needed. For low 
pressure applications, 150 to 300 psi, 
raised flanges are used. Higher pres- 
sures require a confining arrangement 


Cs 


f 
t 
lu 








Deformation, percent of original thickness 


Fig 2— 


Compression characteristics of Teflon. It compresses at a uniform rate with increasing load (A) but lacks p 
uted by the recovery curve. Long time loading (B) does not significantly change deformation. 


silieney as indic: 


Fig 3—Four types of gas- 
kets commonly fabricated 
from fluoro-organic poly- 
mers: (A) solid (B) jack- 
eted (C) spiral wound and 
(D) impregnated. Pack- 
ings for low speed shafts 
inelude solid rings, V-rings, 
braided type packing, and 
tapered wedge rings (E), 
while (F) is a high speed 
shaft packing. 


Spocer cut from Teflon" shee 
Solid rings Tapered wedge Broided ] 


rings pocxihg pq Ring molded of shredded Te on 


F 
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able 111—Mechanical and Physical Properties of "Kel-F" 


Property 


gravity . 


coefficient of m in. /in. /C 


conductivity, cal /cm* /sec C/ /em .. 
heat, cal/gm.......... 

»orption, percent.... 

ess temperature, F.... 

aging for one year. . 
5$ 


someter D. 
rometer A. 


pact, ft- Ib /in. of notch at 77 F 
Tensiie strength, psi at 77 F* 
Yield strength, psi 0.2% offset at 77 F. 
Flexural strength, psi at 77 F 
Compressive strength, psi at 77 F. 
Modulus sf antes. psi at 77 F 


| ASTM Test Method 


Values 


i D792-48T 
| 4.5 x 10-5 
7x 10-5 
1.44 x 10-4 
6.216 
0.00 
-120 
No change 


D570-42 


111-115 D785-48T 
80 


D676-47T 
100 D676-47T 


3.62 D256-47T 
5,730 D638-46T 
3,640 D638-46T 


8,260 D790-45T 
32,000—80,000 D695-44T 


D638-46T 
D790-45T 
D695-44T 


192-226 x 10: | 
182 x 10* 
177-191 x 103 


* Tensile strength as high as 30,000 psi in oriented film. 


ut lacks re 


gue and groove or male and 
ges. Pressures as high as 30 


been withstood by tongu 


flanges 
gaskets consist Of a soit 


Teflon jac ket 


sott 


wered by a 
nforced rubber asbestos 
d metal fillers can be used to 
desired in this 

pli 
and 


the properties 
T} icy Were developed tor 4 ip 
where flange misalignment 
prevent 


of gas- xessures. would 
porc: 


e ung OI à solid gasket Glass, 

E pu i IM » fal ia 
B) jack- equipment fall in 
und and this Category 
|. Pack- wound 
d shafts 
, V-rings, 
ing, and 
ws (E). 
sh speed 


1 } l 
Pidss-iInea 


gaskets, 


ller, are suitable for high pres 


when used 


ical applications The bas 
Monel or other 
Metal 
ve been used in V shape 

vent flow out of 


stainle SS steel, 

resistant materials 
the seat 
concerned, 
either high or 
d packings are 

reciprocating 
where rubbing 
less than about 150 fpm Pack 
include 
ed wedge rings, braided 


and V.ri ngs 


as packings are 
be used 
uscs Low spe 
to valve stems, 
ind agitators 


these speeds, solid 


used wher 
exceeds 150 fpm and 
innular space is maintained 
shaft to prevent contact be 

aft and packing. The rings arc 

m shredded Teflon held to 

Hon’ shee t vith a strong binder and havi 
rm stability to 
clearance 


speed pac kings arc 


ope C ds 


insure mainte 
along the shaft. Th 
rings are usually installed with 


cers of solid plastic, 
the 


wedded T: 


carefully 
dimensions of the stuffing 
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box and shaft. The packing ts “run-in 
wefully until a small uniform annual 
space is formed along the shaft 
For successful operation of packings 
regardless ot shaft speeds, the follow 
design conditions must exist: 
(1) A preferably 
ind polished shaft surface. 
(2) Small gyration of 
preferably not more than 0.002 inches 
(3) Small clearances at the end of 
the stuffing box to prevent 
the packing 
(4) Spring loading for stuffing 
boxes that Operate over a wide 
perature 


smooth, ground 


shaft 


extrusion ot 


tem 
accommodate the 
high thermal expansion of the Teflon 
without exerting 
igainst the shaft 


range to 


excessive pressure 


Kel-F 
Kel-F, like 

ally stable, 

flammable 


Teflon, is an exception 
high temperature, non 


thermoplastic It is color 


less, but can be blended with coloring 


agents and fillers when desired 

In contrast to polytetrafluorethylenc 
and its indicated top heat resistance 
qualities of approximately 500 F, Kel-I 
is known to be 
peratures 
Services 


satisfactory for tem 
up to 400 F. Armed 
Laboratories and other users 
however, that 350 F is the top 
limit for application involving long 
time exposure. But where Kel-F 
fices this heat resistance, it gains it 
old flow characteristics 
Specifically, 


only 


indicate, 


sacri 

1 it 
over Teflon 
it does not have to be re 
heated to return to its original shape 


ter load has been released 


s 


Its lower 


coethcient of thermal expansion makes 


more adaptable to specialty uses 


where metal inserts are required 
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The electrical properties ol 
ire somewhat adversely affected by th 
hlorine atom in the molecular struc 
ture. It has a varying loss factor. At 
frequencies between 60 cps and 2 kc, 
the M. W. Kellogg Company rep 
alues from 0.010. Kel-F does no 
stand up, then, for such applications re 
quiring an extremely low 
over a wide range of temperatures 
Its dielectric constant ranges from 2.3 
10.000 mc. Its 


about 360 sc 


Kel-F 


" 
Orts 


loss factor 


+ ) 


o 2.7 from 60 cps to 


arc resistance is onds 
Tensile 


ases to 


about 5.700 psi 


strength is 
and in oriented fibers this in 
Table III. In 
act strength 

77 F and can be made 
xible or hard Over 4 wide 


50.000 psi! 
Kel-F has 


3.62 at 


Addition, 


range oi 


from 320 F to 


t temperatures about 


390 F through heat treatment 
Products molded from 


carried by thesc 


Kel F can be 
thermal treat- 
amorphous material 
relatively 
and flexible to a crystalline ma 
terial which is milky in ap 
hard. In 


specific 
ments from an 
which is transparent, soft 
tough 
pearance and 
hard 
ness, heat-treating can have a bene 
ficial dimensional 
Annealing for 24 
iC leq. late to 


ot original 


addition to increasing 


effect on stability 


hours at 255 F 
assure Maximum reten 
dimet 1s10ns 

The effect of organic solvents on 
Kel-F can also be varied by heat-treat 
ment. For example, although fully 
quenched material can be swollen or 


plasticized by 


I halogenated organi 
li 


iquids, heat-trcated or crystallized ma 
rial is less affected 

The material has good resistance to 
fk xing at 


} 
to be annealed may be 


Its ability 
a solution rather 


low temperatures 
than introduce plasticizing materials 
which might impair its other proper 
ties. Similarly 
has a tendency 


at low temperatures, it 
to crack which anneal 
ing also may solve satisfactorily 

In thin sections, Kel-F is transpar 
nt. Heat-treatment can make | 
production in various degrees of trans 
parency. Tests show that th 
ncy of thin 
neths of 


possible 


e transpar 


sheets to longer wave 
l infrared spectrum is suf 


ficient for use as a shock resistant 
infrarc rial on special in 
corrosion tempera 
tures and electrical characteristics of the 


d window mate 
struments, where 
advantageous. This 
Teflon 


forms 


nate rial would be 
haracteristt¢ 


IS in contrast to 
in Opaque 
be molded by 

transfer 
Molding temperatures range 
from 500 to 600 F h higher 
than for most other thetmoplastic ma 
terials. Due to such high temperatures 
great care is needed to avoid contam 
ination with other thermoplastics 


which decompose and appear as dark 


C: 


which comes only 
Kel F can 


sion, 


( omp res 
injection, and extrusion 
methods 


and are muc 





under such high ten 


l'urther, uniform heating is essential. 

Transfer molding is used for parts 

tor par ntaining 

Compression 

molding is used to produce sheets. Such 

sheets can be quenched, slow cooled, 
pigmented or laminated w 


steel 


areas iperatures 


ol large sections Or 


delicate metallic inserts. 


ith stainless 
variety of 
or opaque effects. Thinner 
of 14 inch thick can be 
er hishly nol ' 

between highly polished stain 


iess steci or ferro 


gauze to produce a 
č 

transparent 
sections 
formed 
type sheets without 


} 1 
Inj ection molding is used tor 


a m 


small, 


rea toler ance parts and enables 
than for many other 
thermoplastic materials. As for extru 
sion, conventional machines can be used 


providing they ar 


taster cycles 


capable of reachin 
) to 650 F. It car 


and does not chip 
1 


EL 5 
temperatures of 55! n 
ily machined 


can be heat-sealed under 


pressure. Sheets 


K, and 
Kart 
about 1% 


> punched 
t 


bi f Kel-I 

The principal uses of Kel-F | 
those of Teflon, although because of 
excellent moldability, it has had some 
what wider use in molded components 
One example is its 


designed coml 


` parallel 


use in 
plastic 


tronic tube 


a specially 
and metal 
assembly. 
as an insulator be- 
tween the guard ring and the collect 
ng electrode on an Alpha survey mete 


narily for the 


yinatior 
1 p 1 
socket for an ele 


It has been l 


usea 


diigas d prir 
Atomic Energy Cor nr 
À magneti breaker 
molded Kel.F Here the plast 
meets requirements of a high di-ele 
tric strength with a high degree oí 
moisture resistance to 
ling under 
luding altitude 


its. resistanc 


nission. 
circuit 


base 


hermet 
extreme conditions in 
' changes. In addition, 
to chemicals and ability 
to stand up dn varying extreme tem 
peratures is 


assure 


»Ca 


advantageous in this use 
The circuit breaker exemplifies again 
the material's applicability 
components The whole 
only 11^ in. x 17/32 
Both Kel-F and beu have a wide 
application in hermetically sealed ter- 
— Tvpical of uh uses is the de- 
velopment of vacuum-tight insulators 
by the United States Gasket Company. 
These terminals and feed-through in 
sulators were designed to fill the need 
of the electronics industry for hermet- 
ically sealed insulators which would 
withstand mechanical shock and vibra- 
tions, high and low ambient tem- 
peratures, thermal shock and extreme 
climatic conditions. Patents are pending 
on the Fluorocarbon-metal-fused seal 
which holds the vacuum 
Coated glass fabrics, tapes 
inates are 
glass fabric 


C: 


to miniature 
ssembly is 


s and lam 
products comprising woven 
s impregnated and coated 


Table IV—Properties of "Exon 400 XR6I" 


PHYSICAL PROPERTIES 


Specific gravity 


Relative viscosity (average) 
(1% solution in cyclohexanone) 


Rockwell hardness. . as 
Cold crack temperature, C... 
Outdoor and indoor aging ...... 


Diaelectric Constant 
(75 F—60 cycles) 


D-c resistivity 


(158 F—60 cycles, ohm/cm.)........ 


1.74-1.78 


M3 

.R75 to R85 
24 to 20 
Excellent 


. 2.84 


.§5 x10" 


CHEMICAL RESISTANCE 


Fuming Nitric... 


Sulphuric Acid..... 
Hydrochloric Acid. . 
Sodium hydroxide. . . . 
Chlorosulfonic Acid....... 


more stable undc 
and more resistant 
to abrasion than unsupported shecting. 
Flow under compressive load is as low 
as that of the glass fabric—essentially, 
ero. Their performance is not obtain 
able with any other type or organic 
insulation. They can be used at continu 
us operating temperatures of 392 F 
and, for shorter periods, at 482 F 
liability is retained at temperatures a 
ow as —100 Fahrenheit 

These fabrics, tapes and laminates 
are also somewhat stiffer than the un- 
supported sheet, and creasing parallel 
to or diagonally 


th Kel-F. They are 


compression loads 


y across the fibers does 
not result in rupture of the film and 
— electrical failure. These are 

tstanding for motor generator arma- 
ure wrapping, coil insulating shect, 
phase separators, segments, slot liners, 
tape and V-rings. They make excel 
lent coil enn, core insulation, 
lead insulation and solenoids for trans- 
formers and coils. Insulation for boiler 
room, low tension aircraft, navy type, 
power, and radio hook-up wire as 
well as thermocouple cables is recom- 
mended. Miscellaneous uses include 
those for battery cases, battery sepa- 
rator plates, condensers, capacitors, 
electrical panel boards, lifting magnets, 
mica substitute printed circuits, and 
many other electronic services 


Fluor thene 
Fluorothene is 


polymers of 


another group of 
trifluorochloroethylene, 
and is produced by the Carbide and 
Carbon Chemicals Corporation. Its 
properties are essentially the same as 
those of Kel-F. It will not be discussed 


Product 


.20% Salt Solution 

. Hydrogen peroxide 
Moist Bleaching Powder 
.Chromic Acid 
.Hydrofluoric Acid 
.Aqua Regia 


in detail since the great majori 
its production has been devoted t 
Atomic Research Commission 
The Bureau of Ships has 
supervised a research progran 
operation with industry on th: 
this material. Its in the 
was in connection with wire extrus 
laminates and moldings Liquid 
solids are being investigated f ] 
tric use under high volt tage cor 
Fluorothene has been su 
used as the resin base for glass 
laminates. Aluminum or tita 
oxides is suggested as inert fill 
provide greater rigidity to the lan 
Use of heat cleaned glass cloth 
sential if improved electrical pr 
are to be obtained in this lami 
Molding of Fluorothene 
little difficulty other than obta 
correct molding temperature 
material and using chromiun 
molds. Uses of fillers such as asbes 
mica, and oxides of titan 
aluminum, offer possibilities 
truding the material to provid 
er modulus in the coating. Sili 
as a parting agent appear to 
cessful despite the informati 
satisfactory releases are obtain 
stainless steel and chromiun 
molds. Moldings with metal 
appear to be practical and su 
Parting agents other than sili 
(stearates, etc.) decompose at t! 
ing temperature to give dark 
moldings and consequently pi 
trical properties 
Electric motors have been 
are presently under test whi 
Fluorothene insulated magn 


use 


Engineering — 1954 Annual Ho^dbox 









1 ! } 


rs have been designed to 


Class B temperatures 











































— he space factor of the Flu 
re is approximately the 
iss A resin insulated wire 
ition Components of thes 
nes consist of Fluorother 
th laminates 
XR 
| known as Veloform, Exon 
XR s an extremely inert fluor 
n that is a copolymer ol 
fluoride and chlorotrifluoro 
As a plastic material, it can 
r compression molded or 
ion the former process requiring 
cide approximate ly 10,000 ps! 
g Powder ratures of about 430 F. It 
sed to temperatures of 350 
l | hours in o ra 
cid iny appar sig ifi l 
il | stri neth 
— this resin is used primarily 


vs. Its inertness results 


it will withstand acids, al 
saits. (Sec Table IV.) Such 
iV excellent heat and | 































































n 
voted t od adhesion characteristics 
ion ture transmission, low wat 
has t and good flexibility 
gram if sin. IS supplied in a white 
| the us rm which can be dissolved 
the prog gitation in the usual ketone and 
e extrus solvents. This good solubility 
Liquids rmulation of solvent systems 
d for die st Coating requirements and 
e condi g schedules. The coating requires 
success temperature bakes, but 
r glass elimination of solvent 
or titar 
E Fluorocarbons 
s cloth i 
cal pi as Coatings 
amit 
ene the past two years both du 
obtaining t | Kellogg have marketed 
ture for nd Kel-F liquid dispersions 
mium pl wever, the Minnesota Mining & 
h as asl nutacturing 1s doing conside rable 
itan new compounds which will 
ities for find use as raw materials for 
ovide a hig ngs —— ry even though the 
. Sili is at present indefinite as to 
ar to bes r nbn and compounds it 
rmat i supply 
)btained f TI rk done by these compound 
mium | rely | governed by the type of 
metal inse tp roduced and the market 
nd success! plied As these vary idds. 
n sili şs necessary to divide the coat 
se att try into two general fields 
dark col ral surface’ manufacturers, 
tly poor luce paints, varnishes, and 
| for widespre ad usage in a 
yeen built sy cost-competitive market; and 2) 
which us rot manufacturers, who make 







magne! © and relatively costly prod 


roduc! Engineering 
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ucts aimed at the very limited markets 
demanding and willing to pay for 
specific properties 

During the past 6 years or so Kel. 
logg, duPont, and Firestone have 
worked on fluorocarbon liquid forms 
for specialty applications. While their 
research has been limited largely to 
the development of a new mechan 
al means of applying known fluoro- 
arbon plastic powders and not to the 
ictual Tornali ion of a group of 
fluorocarbon compounds that will re 
act together or with others into a liquid 
coating, the three companies have suc- 
cessfully marketed about 10 liquid 
forms. These products are both aque- 
ous and non-aqueous dispersions and 

lude metal primers, colored enamels, 
nd clear finishes. All are applied by 
fusion—Teflon at about 750 F and 
Kel-F at between 464 and 484 F, de 

ending on pressure and time—usual- 
ly in a number of successive layers 

Difficulty of application and a high 

have been the main factors block 

ng wide usage and have caused a 
need for methods and equipment re- 
scarch on the part of users of the 
fluorocarbon liquid coatings. As these 
oatings have demonstrated excellent 
electrical, temperature, and corrosion 
properties suitable for use as insulation 
and specialized chemically resistant 
coatings, the electrical and industry 
supply industries have done most of 
this final application-research 

Here, Sprague Electric, Westing- 
house, and General Electric have de 
methods of using liquid 
fluorocarbon forms to produce heat- 
and-solvent-resistant magnet wires 
Union Plastics is about to enter the 
wire-coating field with a Kel-F liquid 
oating over a silver-plated copper 
wire, giving a highly solvent-and-oxi 
dation-resistant wire. duPont, Kellogg, 
and Westinghouse have developed 
nethods of coating fiber glass to pro- 
duce cloth and laminates of superior 
durabilit y. And finally, Union Carbide 
& Carbon has develop ved a flame-spray 
ing gun with which polyethelene 
resins may be applied without a diffi- 
ilt and expensive fusion process. 

These examples by no means exhaust 
the list of companies now working on 
means of applying and using the flu- 
orocarbon liquid dispersions now in 
production. Allied Plastics, Crane 
| quipment & Supply, General Plastics, 
Pan Coatings, Plastic Coatings, Conti 
nental Diamond Fiber, and Irvington 
Varnish & Insulator should be also 
included to make the list more repre- 

itative and inclusive. 

Fluorocarbon coatings will undoubt 
edly find much wider interest and, ulti- 
mately, usage in the ‘protective’ coat- 


ve lk ped 
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ing industry than they have thus far 
achieved. They will probably not, how 
cver, even after this advance, break 
into the general surface area and be 
widely used as paint ingredients. For 
here an extreme cost-consciousness 1s 
encountered beyond any reduction of 
which the known processes now s 


capable. 


Fluorocarbons 


as Lubricants 


In the development of fluorolubri 
cants, a great deal of research was 
initially expended by the Manhattan 
Project early in the war. However, in 
spite of the progress already made and 
of the great potential 
fluorolubricants there are several ser 
ous difficulties which may limit. their 
use in the immediate future to very 
specialized applications 

The M. W. Kellogg Company has 
marketed a series of lower molecula 
weight Kel.F materials. These com 
pounds have stemmed directly fron 
the development of plasticizers for 
Kel-F molding powders The Hooker 
Electrochemical Company is also pro 
ducing a series of lower polymer tri 
fluoromonochloroethylene compounds 
The Halocarbon Products Corporatior 
is the latest company to enter this 
field. The Halocarbon product has 
been developed by careful processing 
to be completely acid-free; and, thus 
it has eliminated the perennial problen 
of giving off acid products on standing 

In form, these compounds range 
from water-white mobile liquids to 
tough wax-like materials at room ten 
perature. They are completely non 
flammable but decompose at higher 
temperatures. Kel-F lubricants are 
thermally stable up to tem; 
450 F and do not leave any residu 
They are similar to the plastic in chem 
ical resistance and dielectric strength 

Disadvantages of  fluorolubricants 
are that they are high in cost, have 
only fair lubricating properties, and 
have a viscosity index that is consid 
erably below the poorest lubricating 
oils. Compared to a hydrocarbon of the 
same viscosity, the fluorocarbons also 
evaporate at a lower t emperature 

Therefore, the uses of fluorocarbons 
are limited to applic ations where pres 
ent lubricants are impractical. For ex 
ample, they can be used as Edeka 
sed sealants on equipment containing 


highly reactive compounds such as liq 


uid oxygen. Also, possible applications 


1 


advantages ol 


yeratures oO! 


I 


for fluorine-containing plastics, or as 
ingredients of pressure transmission, 


power transmission, and damping oils 


Co 
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Glass-Reinforced 
Polyester Molding Compound: 


ALBERT G H. DIETZ iensional and property stability ove ind 2) factory mixed forn 


Mass setts Instit I i relat large temperature rang able I lists properties and 


mpounds are being formu tions of various shop-mis 


by a number of indi pounds, and Table II lists | 


and manufacturers oO! of a Iactory-mixc l compound 


rials are offering several As shown in Table I, thi 


inforced alkyd type resins for sistant grades contain some 
bridged the nd compression molding oxide used to increase resist 
. . flame and high temperatures. 7 
Materials and Properties r ot sedes conem Midi 


two principal types of glass ntages of clay filler than th 


einforced molding compounds purp ypes. Table IT is f 


1) shop-mixed formulations t formulated glass fiber r 


Table I—Formulation and Properties of Polyester-Glass Filled Molding Compound* 


E pe s 


Fire Resistant Low Cost 


General Purpose | General Purpose | General Purpose 


Clay filler —percent 


Catalyst (on resin 


PROPERTIES: COMPRESSION MOLDED SPECIMENS 
ee 


Specific gravit ASTM -D-792 1.90 1.92 1.97 
Tensile strength, 25C psi (ASTM-D-651-48 6,400 7,400 5,730 wait 5,700 ,300 


Compressive strength, 25C-- ps1 ASTM-D-695 20,200 - 24,600 24,100-26,500 21,600—-26,800 
Fi 


exural strength, 25C ps! ASTM-.D:. 790-49 11,900-17,100 15,500-21,900 10,900-13,500 


Flexural modulus, 25C —psi x 10* ASTM-D-790 2.29-2.41 
Izod impact — ft | notch ‘ASTM-D-25¢ j 5.5 4.4-5.8 
Moisture absorptio percent gain ASTM-D-5 0.11 0.21 


Heat distorron-- C ASTM-D-648 Greater than 300 


Thermal expansion —coefficient-—x 10° -ASTM-D-696-44 2 2.10 2.00 


Burning rate - in. min ASTM.D-757-49 )5 7 0.40-0.50 


0.50—0.55 
Rockwell hardness —} cale (ASTM-D-785 103 


Dielectric strength, 2 380 


ASTM .-D.149-44 340 


0.9 


35C and 90 R.H. — x 1 ASTM-D-257-4 1.9 


Surface resistivity, as rec 
1 


after 4 days at 35C and 90% R.H x M ASTM-.D-25 


3.5 
1 
l 


Volume resistance, as rec € s x 10 0 


after 4 days at 35C and 90% R.H.— x 105 (ASTM-D-25 


Surface resistance, as rec'd —meg sx 10 


after 4 days at 35C and 90% R.H.— x 10° (ASTM-D-25 


Arc resistance, seconds - max 
ASTM-D-495-48 min 


ave 


*Shop mixes, 
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» good clectrical properties 
sistance. The properties of 
; are for small compression 
imens 


M «es and Preparations 






content formulation 
not less than 10 
onsiderably higher. Glass 
r than 20 percent 


in à 










percent 


by 


not appear to give in 


gth to the part, will lessen 
ol 
yen 


^ 


the 


ral appear 


waractcristics com 













lower th 
used also can be varied 
ns of medium viscosity and 

or partially reacted poly 
requently used to obtain 
| freedom from segregation 
is the molding temperaturc 
with rising 


cur when à 


Resin. thinning 
will often o 
type resin is used, and care 
n to prevent this separation 
ially 


and glass fiber- -espx 


shapes 













Molding Procedures 


ling of the molding com 
| the molding procedures 
marked effect upon the 
f the finished parts. If pos 
material should be roughly 
{ and laminating and weld 
ld be avoided. As the glass 
not readily flow across and 
at a weld line, they become 
weakness 
tor has convinced many that 
al is not applicable to the 
of large parts. It is felt that 
ssible to insert the molding 
in such a 
to avoid weld lines or simi 


nto large molds 





weakness. In one instance, 
nsile strength of a part ranged 
to 10,000 psi, and impact 
zh trom 11/5 to 8 ft Ib per in. of 
the Izod test. These values 
rably below the strength 
obtainable with glass fiber 
reformed reinforced parts 
even these relatively low 
mpact and strength are bet 
ose of many other thermo- 
g pounds. Molding character 
mpared in Table III. 
mpound types can be com 

























transfer molded; however, 

r molded materials are gen 

is good in their final prop 

n the materials are trans 

there is some orientation 

enment of the glass fibers in the 

f flow. Thus for good prop 

the flow should occur in 

ns in which the maximum 
roperties are desired 


ngineering 





sired spots in the glass or fabric layout 









Combinations with Mats 
and Fabrics 

Molding compounds have been su 

cessfully in combination 

glass mats or fabrics and liquid poly 


usc d 





with 


ester laminating resins to fill out heavy 
sections, ribs, bosses, and sharp corners 
Balls of roughly formed batches of 
molding material are placed at the de- 


Catalyzed laminating resin is poured 
onto the mat, and the molding material 


} 
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becomes an integral part 






of the pic 


Table I1—Properties of Fiber Glass Reinforced Alkyd 


Prope rties 


Physical: 
Specific gravity 
Water absorption 


24 hrs at 25C — percent 
48 hrs at 25C —percent 
7 days at 25C —percent 


Heat resistance 

Long periods —F 

Limited periods -F 

Short periods —F 
Heat distortion —F 
Heat capacity —cal /gmC 
Coefficient of thermal expansion 
Thermal conductivity— x 10- * cal 
Flame resistance 


Mechanical (Compression Molded 
Izod impact-ft 1b/m. notch 
Tensile strength-psi 
Compressive strength-psi 
Flexural strength-psi 

Flexural, modulus psi x 10° 
Barcol hardness 


Electrical: 
Arc resistance, sec 
Dielectric constant 

60 cycle 
1 megacycle 
Dissipation factor 
60 cycle 
1 megacycle 


ASTM D 495 






*Factory formulations 


Table IlI—Comparison of Molding 


x 10 5 in 
sec 


Mold 


Mold 
Pressure, 
psi F 


Bulk 
Type Factor 
Varies with 500 -600 
molder 


Shop-mixes 


Factory-mix 1,200-2,000 290 


*Cold piece from cold mol d 


Tempera 
ture, 


310 
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Certain precautions must be taken 
The molding compound must have thc 
proper combination of resin and clay 
to avoid washing away of the glass 
fibers during the molding operation 
It there is too much clay, there may dı 
flow and localized high 
pressure spots will develop. The right 
amount of catalyst must be used to in 
sure equal curing time for the rein 
forced section. The clay will often re 
tard the exothermic reaction and thes 


insufficient 


portions will then be undercurcd 















Flame Resistant 
Good Electrica! Properties 















0.10-0.20 
0.15-0.25 
0.25-0.35 

















not over 300 
not over 350 
not over 400 
greater than 400 



















0.26 
in. F 10-30 
cm *?/c 8-12 






self-extingushing 








10-14 
6,000-10,000 
20,000-25,000 
14,000-17,000 
2.0-2.5 
70-25 

































180 








6.0 


1.0-4.5 





0.023-0.24 
0.019-0.020 





Characteristics 


Mold 
Shrinkage, 


in. in Remarks 


0.000-0.007* 1) Material can be varied for 
each application 

Exact amounts of material 
can be mixed for each run 


0.001-0.004 * Bulk factor can be reduced 


to 3-4 by hand compression 
Requires no shop mixing 
Long storage life 

Reduced segregation of the 
resin and fibers 

High temperature resis 
tance 






New Synthetic Finishes 


Characteristics and uses of seven synthetic base finishe 


U se High gloss, hard, |} 
finishes for washing machi: 
machines, refrigerators 
gasoline pumps 

Typical autor 


litter t ( i 5-2 S alkvd-ur 


n Made by reactil 
with a silicone forming com] 
thus substituting silicone 


carbon in the alkyd 


In heat-curing 
r heat and weather res 
ther alkyd base finishes 
xcellent resistance to hur 
als, and salt spray. In a 
lave superior weatherit 
of silicone and good adl 
xibility of alkyds. Will 
high gloss and stable color at te 
ires from 400 to 500 F. How 
nore costly than straight alkyd + 
Space heaters, transforn 
chemical and refinery 


roasters, automotis 


ammunition 
she d with la qu 


sun lamps, refrigerators 
hardware and other aj 


1 


ithering 


high 


S 


n—Silicone pigm 

n ay l 1 aluminum flake, or 
roller ng nd Ma esistance anc er con pigments as follows: cadmit 
most common filr patibility with pigments and other yellow, cadmium sulfoselenid 
Common resin for bak esins than urea-formaldehyde but is and reds, cadmium selenide 


1 r 1 " . . E 
ng enamels for electric appliances and mi ostly. Both resins when baked titanium dioxide white, col 


primers and enamels for forn very brittle film having poor blue, chromic oxide green a: 


equipment, automotive and ad! mn. Addition of an alkyd imparts or red iron oxides. The silic 
ick finishes, outd furnitur idhesion, gloss, and better abrasion r modified with alkyd, amine, « 
Both Ordnance and Federal Specifi istance. Usually sprayed or dipped and diphenyl, or hydrocarbon re 


325 F of silicone to modifier depen 


tions 


C Product Engineering — 1954 Annual t 





TCS 


for Metal Products 


finishe 


hat may solve your finishing problem. 


condit 


contain 1 


ons: low 


cost y With good transparen 
part silicone to 
modifier; moderately priced 


qual parts of silicone and 


to discoloration, even at high tempera 
tures. Good r water, alco 
hol, acids and Good resistan 


"^n um 
Ü generally, 


esistance to 
alkalis 


finishes, to vegetable and mineral oi 


] 
Is 


ind high-priced 
ent silicone ind greas 
it Hard, tough, adherent 

1 


rood 


s. Outstanding resistance to 
chemical fumes. Good electrical 


smoothness and lustre rtic relatively 


prop 
resistance to 


stability 


high 
black and aluminum pig mbusti 


1 
package 


s will withstand cor Outstanding flexibility and adhesion to 
T 
and t 


one 
emperatures Ip most metallt urta Generally 
aluminum 
rments can withstand tem 
to 1,500 F; while the col 
vehicles 


are satisfac tory 


ng ten pe ratures between 
1.000 F 


l co salts 


Resistance to n 
ind 


tna 


ost 


oils IS €N 


heaters, mi 
exchangers, 
| resistors, and 


at n 


1edium to 
n Vinyl 
hloride acetate, 


vinvl 


chloride, 
polyvinyl butyral, or 
chloride - vinylidene chloride 
with ketones and alcohols. Pig 
ed or plastic ized as desire d Wher 
d with volatile thinners. known as 


Condensation polymers 
ype, processed from epichlor 


} 
{ bisphenol. Can be used organosols" ; when containit 
modified with vegetable oils +}, 
ls ( | 


an b 
Idehyde, 


s and dispersed in plasticiz 
mhine | M! 1 t . , 

ombined with known as "plastisols 

melamine-formal- baracter Have no t; 
1 phenolic resins | Excellent resistance to n 
tres—Heat cured film -has 
exibility, hardness, and ad- 
ilities, and good color, color 
and heat Out 


property resist 


ist 


wrrosive chemicals, oils, greases, 


HSF 


Good weathering properties 
Very flexible and tough. Fair adhesion 


resistance which can be improved with an 


lkyd 
1S chemical odifier 


Coatings for beer cans, food 


and bottle 
oatings on flat metal sheets 


it dried pigmented films for intainers. 
s; farm, dairy, brewery, pa Prote 
laundry equipment; wire en- for stamping and drawing. Strippabl 

! industrial. primers i 


closures. caps 


tive 
oatings for "mothballing" of equip 


Modified lead 


hromate and zinc chromate, as a wash 


igm 
or 
idmit 
Pleni primer for aluminum, galvanized iron. 
enide mar? n Thermoplastic resins and steel 
lt o n y solvent evaporation and paper, metal foil, and dipped goods. As 
organic plastisols, for heavy flexible coatings 
for tanks, platform racks, tool handles 
spring cushions and similar items 
Coating problems involving storage 
and shipping may be solved by 


nt or sealing with 


As organosols. to coat cloth 

eid 
|. col 
en at 
silic 


solvents or water 


Soluble in organic 
rood adhesion and high gloss 
ness. Water-white in color, 


ine, « HC 
yn rc 
lepen 
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rippable 
resins. Two types coatings ar 
available for One is 

tightly adhering film which is capable 


being stripped from the 
protection 


tr t 
* I 


ums 
of 
this purpose 
of surface 
This coating offers 
moisture, weather and corrosio 
well suited for gun turr 

fight 


gun n 


Younts, 
rall package for 
| 


framework 
around the object to b 


nyl webbing 


C SCaiead 


1 


agent is sprayed around 


form to 
strippable coat 
bject ther 


ODIL 


tape in cobweb-like 


this 
ror the 
oated 


1¢ losed 


fashion a base 
ng. The 


1 becomes 


in this “liquid 
preserved against mots 


The 


atmospheres 


id stripping it off 

A fairly recent outstanding « 
nt based on vinyls is an ant 
r or unde rcoat 
for naval 


primer consists 


ICOFFOSI* 


ror use on 


wash prime 
metal, particularly 
The composition of the 


[ 
ot 


M essels 


vinyl] butyral resin, zinc chromate 
ind phosphoric acid. The wash primer 
as steel, brass 
iluminum, cadmium and galvanized 
Because i 
properties as a primer, the government 
issued a f MIL-P-15328 
stablishing this coating as a standard 
Aside the 
ntioned, an outstand 


material 


adheres to metals such 


surfaces of its outstanding 


specification, 
material for ships from 
properties just m 
ing advantage of 
short drying time 

In the last 
of vinyl resin has become commer 
wailable that exhibits 
tility as a general coating 
1 vinylchloride 


copolymer, 


this is its 


few years, a newer typ 
ially 
broader versa 
This resin 
acetate (high l 


wide 


chloride) 


os 
shows ompatibility 
cially alkyd resins, making 


many new types of fortifi 
Coatings made with this 
butyral 
wash primer. The government has is 
sued several paint specifications on the 


use of this corrosion-resistant resin. 


Ci 


here tenaciously to the vinyl 





From CHEMICAL ENGINEERING 











Sharp edges and surface irregularities (A) of corrodible m; 
rial to be protected can cause thin spots and sponginess in ; 
ings (B) and thin spots and airpockets in masties and lining: | 
Surface preparation (D) will increase barrier life and cut fut 
maintenance costs. However, such design precautions are norm 'inhole- 


Organic barriers—coatings. mastics, and linings—are 
best suited for the protection of corrodible equipment impractical from an economic standpoint. Thus, three coat urface € 


where regular inspection and maintenance is practical. barrier should be applied totaling 0.005 in. or greater in thickw cond es 


ATC softci 
and th 


ble to Spi ific solv 


sins arc appli d 


dispersions às paint 


| 
lso widely and in high solid solutions 


purposes sions as mastic Compositions 


n sh ct solu ay ulable . cting 
rsion forms (the latter shapes and fittings can bi 
compositions ) and di njection molding process 
tive coating compositions sions. Many of them can 

n a molten condition by 
r'TING Restns—These r the conventional flame or hot 


polymerization after ap 
lop optimum physical Choice of Form 


teristics. In this 
i i Cho het n the variou 
similar to thi 1 
ObV!OUSs* 1 I 15 oft mol 
not Possess th str tch 
t xtrusions 


nt properties After 


Contusion xists in tl 
rmosetting resins 
imong paint-like coatings, h 

and tough films x 


unusually r 


"cf 


Ld 


applications, or linings 


termination of what form 
temp tur 


n the rate of cori 
the cost of the protection Co 
the least expensive 

Seriousness of corrosion 
d by the rate at which it 
or renders inoperative, the 

THERMOPLASTIC RESIN [hes equipment or structure Rat 
quire further pro rosion is measured in inches 

polym rization atter appli tration per year or ipy Cor 
1 sheeting tensity of any environment 
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ble ma 
s dn « 
rings || 
cut futu 


Meses 'inhole« form in initial wet coat (A) and when coat drys form openings to the 


urface of the metal CB). The incidence of openings will be high in (€) the 
cond coat. but coat three (D) supplies almost complete protection. 


e coats 


thickne 


otection of Metals 


t 1 


ly Dy established pro 


JSI 


than 0.05 


be estimated from past be ,; 


ipy organic barriers should 


in. and in many 
l in 
indicated 
ipy, if t 


surfaces 


cases a mini- 
Therefore, linings or 
For values less 
he structure 


are available 


according to mastics are 


is established at 0.05 0.05 Or 


highly corrosive environ quipment for 


| SS scrious 


This gular inspection and renewal, pro 
ial to the time to destroy a tective are excellent as they 
in 5 years ire inexpensive and easy to apply. 
against values gri Mastics bridge th 


ones 


coatings 


1 
th« 


gap between 


Table | 


Classifications of Exposure 


C NON-METALLIC MATERIALS AND FINISHES 


thin protective coatings and the heavy 
conditions that justify 
in this thick range in- 


fumes 


liners. Servi 


applications kn 


SS 


aggressiv 


paints have idequat: 


COATINGS 


1 


0.01 


Panic 


thickness—the most 


1 promin 
being paint. Coatings are available 
solution or emulsion and are applied 
by brush or spray, although ir 


certain 
oping 


[ 
iry 


in 


or flushing can be 


instances dif 

á i 
They « 
part i CVapor 
tion or polymeri 


solid barrier in 
Oxida 


ompany 


used to a 


whole or ation. 


an ae 


vaporation 


It has becn blished that a mini 


0.005 in 


css Ol 
is necessary for 
p 1 a 
ection This does not 
continuous barriers cannot 
obtained below this value. Filn 
ontinuity can be had at thickness of 
0.001 ] | ll dr 


We [uui 
protrusions 


in. but t thin 


To 


such 


iW 
f 
protec uon 


over sharp edges and 


insure sufficient 


over 
projections, welds, fastenings or other 


surface irregularities, the 0.05 in. mini- 
mum is used as a minimum thickness 


MASTICS 


| astc 


Mastics are any liquid o: 
that by economic 
application procedures and number of 
will yield total barrier thick 
nesses between 0.01 and 4. in 
metal base. Mastic 

materials are applied by heavy brush 
applications, by troweling or by us 


composition 


coats 
in 


over corrodible 


of spray guns. 


As with 


sis 
HNICKNC 


prot 
ss should 
less than threc 


that 


coats Th s 


there will be no « iden 


pinholes, capillaries, or exposed metal 


ippl ation M nimun thick 


(Conditions are for chem-industrial exposures only) 


EXPOSURE -Service cí 
which the 
continual 
the corrosive. 
and the best 
il as well expensive 
ation, and 
ations can be tolerated 

of this type of 
linings for interiors of process 
lent 


n be heavy duty of excellent resistance 
but surface preparation, design and 
application need not be up to the 
standards of Class 1 
An example of the condition is the 
coating of the exteriors of 
equipment. 


under 
d to 


coating 
direct 
Cost is 
suited 
surface 


is 
and 
with severe service. 
factor 
as process 
multicoat 
An 


exposure is 


design 


CLASS 3 EXPOSURE —Service c 
ditions in which the coating protects 
steel against relatively high concen 
trations of fumes but with little or no 
splash, spillage or direct contact with 
the corrosive. Paints of good dura- 
bility can be used and application 
need not be as rigorous as for the 


mnm 


S 2 EXPOSURE-Service con 
in areas of high concentration 
rosive fumes and under frequent 


and spillage. Materials should 
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prior classes. An example would be 
the protection of structural steel 
equipment within the building 
taining the chemical process. 


1 of 


cone 


CLASS 4 EXPOSURE - Service con- 
ditions against mild concentrations of 
corrosive fumes, and coatings used 
should have good resistance to weather 
ing. Coatings for such service can be 
the less and ‘the 
usual methods for scraping and wire 
brushing are suitable 
preparation. An example 
areas Outside and adjacent 
buildings. 


expensive materials 


for surface 
be 
to process 


would 








































rene Rubber 


Natural Rubber 
Butadiene Sty 
Furanes 


Phenolics 


Neoprene 


Acetaldehyd 
Acetic acid, 10 
Acetic acid, gl 
Acetone 
Alcohol, amyl. 
Alcohol butyl, 
Alcohol, ethyl. 
Alcohol, isopropyl 
Alcohol, methyl 
Aluminum chloride 
Aluminum sulphate 
Ammonia, liquid 
Ammonium chloride 
Ammonium hydroxide 
Ammonium nitrate... 
Ammonium sulphate 
Aniline. 

Benzene 4 
Boric acid l 
Butyl acetate 1 
Calcium chloride l 
Cal ydroxide 1 
Calcium hypochlorite 1 
Carbon disulphide 4 
Carbon tetrachloride 4 4 
Chlorine gas 2 
Chlorobenzene t 4 
Chloroform. e 4 
Chromic acid, 10 

Chromic acid, 60 2 
Citric acid E 
Copper sulphate.. 1 1 
Diethyl ether + 4 
Ethylene glycol 
Ferric chloride 

Ferric sulphate. 
Formaldehyde, 40 
Formic acid, 20 
Formic acid, con 
Gasoline 

Glycerine 
Hydrochloric acid, 10 
Hydrochloric acid, 30 
Hydrochlori ] 
Hydrofluoric a 


Hydrof 


e 
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* This table should be used only as a preliminary selection of type. 
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Table Ii—Chemical Resistance of Resins to Various Corrosive Media 


le 


Bitumens 


Vinylidene Chlor 
Chlorinated Rubber 
Styrene-Butadiene 
Polyethylene 


Oleoresinous 


Vinyls 


Hydrofluoric acid, 75 ee 
Hydrogen peroxide, 3 
Hydrogen peroxide, 30 
Hydrogen sulphide 
Hypochlorous acid 
Kerosene. 

Lubricating oil 
Magnesium sulphate 
Methyl ethyl ketone 
Mineral oil 

Nitric acid, 5 

Nitric acid, 10 

Nitric acid, 40 

Nitric acid, con« 
Nitrobenzene 

Oleic acid 

Oxalic acid. . 

Phenol, 15-25% 

Phenol. — 
Phosphoric acid, 10 
Phorphoric acid, 60 
Phosphoric acid, conc. 
Potassium alum. 
Potassium hydroxide, 20 
Potassium hydroxide, 95 
Potassium permanganate 
Potassium sulphate. 

Sea water 

Silver nitrate... 
Sodium bisulphate. 
Sodium carbonate 
Sodium chloride. 
Sodium hydroxide, 10* 
Sodium hydroxide, 20 
Sodium hydroxide, 40 
Sodium hypochlorite. 
Sodium nitrate.. 
Sodium sulphate 
Sodium sulphite. 
Sulphur dioxide 
Sulphuric acid, 10 
Sulphuric acid, 30 
Sulphiric acid, 60 

3 Sulphuric acid, 
2 Toluene. 
Trichlorethylene 


ee 
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> ee 
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In the use of this table, for example, 


ibber 








I & 
e © z 
2 p z 
$0 s v. 
HEBEBERER 
2849808383 *" 5 25 
" 35 0 2 3 & 9 8 & = 
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cf £ 22 €¢t £4 
8 26.2 2.2 834 
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F4 353 133 11 
ES 43 5334293 11 
ones Se FS 
bit ¢ 2 31592 1 3 
2 8485-9384 2 4 
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if steel 


s to be protected and the table shows an allowable Class 1 grading for the prospective coating types, the rate of 


rrosion of steel by the 


» specifications vary with the nature 
f th istic. material and with the 
tended serv Such tolerances 
should be determined and specified 


consideration of the chemical, 





brasive and mechanical requirements 
is 
ch us 

sign and preparation for 

ition of mastics are less critical 

for the thinner protective coat 

gs. Imperfect bond to the base 

i i 1 

metal can be tolerated over small 


areas, and sandblasting, that is pre- 
erred and recommended for protec- 
tive coating applications, can often be 


conditions 
is essential, 


forgotten unless exposur 


unusually severe. It 


however, that all loose surface mate- 
rial, moisture, oil, and foreign matter 
be removed so that the mastic can 


applied to tightly adherent and 
compatible surfaces 

Any failure of a mastic barrier oc- 
curs where the base metal is exposed 
because of improper surface treatment 


Cie 





orrosive will determine whether a 


coating, mastic or lining be applied. 


The corroding base metal undercuts th 
barrier causing it to lose adhesion and 
peel or crack in expanding arcas 
around the original metal exposure. 
Repair of the mastic barrier is obvious- 
ly more expensive and difficult than for 
the protective coating and extreme care 
should be exercised in the selection and 


lication of the mastic composition 


app 
LININGS—Linings are defined as or 
ganic barriers of thicknesses no less 
than 4, in. They are used against 
highly corrosive or abrasive environ 
ments, and where electrical currents, 
stray or imposed, will accelerate cor 


rosion or otherwise interfere with 
normal operating processes. 
Usual minimum thickness specifi 


cations for rubber linings are } in 
and for vinyls s in. These are con- 
sidered safe minimum thicknesses for 
general corrosive service although 
lesser thicknesses to yẹ in. can often 


be properly used. With these lesser 


Product 


l + ] ] |]! 
hicknesses pre-trial should | 


determine suitability. 


tage in going to thicknesses 
or i 


The savings in material by using à 


cr thickness will be inconseq 
Metal priming for linings 
quired for the purpose of 


idhesion of the lining to 

tal. Inhibitive materials ar 
incorporated in the primer 
against such aggressive corro 


pr scene ol these inhibitor 
ause littl 
corrosion Once bare nx 


ing surface 


retardation of 

tal or t 
wert exposed 
use of inhibitive primes is w 
lining is primarily used for 
of mechanical resistances th 
require unbroken film contit 
where bare metal can be ex 
moisture or mild corrosives 


damage to the equipment. 


} Actually 
is seldom any appreciable cost 


& in. as the greater part 
applied cost is the labor of ap} 
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C NON-METALLIC MATERIALS AND FINISHES 


Directory of Trade Names and Producers 


of Organic Barriers 


[his listing ties in proprietary products with basic resin types and forms available. 





WATERIAL TRADE NAMI MANUFACTURER ADDRESS FORMS* 
ACRYLIC 

























D» (Cer Atlas Coatings Corp Long Island City, N. Y 
el Series B David E. Long Corp New York, N. Y. ( 
Lankot J. Landau Co Carlstadt, N. J. ( 
SN White Prufcoat Laboratories, In Cambridge, Mass ( 


ASPHALT BITUMEN 
f Black 












Pratt & Lambert, Inc Buffalo, N. Y. 




















Coatings Protective Coatings Corp Richmond, Calif ( 
No. 3 Dampney Co. Boston, Mass ( 
halt Aluminum Dux Paints & Chemicals, Inc. Lodi, N. J. ( 
halt Paint Protective Coatings Corp Richmond, Calif ( 
istavon 16 Atlas Mineral Products Co Mertztown, Pa. | 
balt Heil Process Equipment Corp Cleveland, Ohio MI 
Ralph V. Rulon, Inc. Philadelphia, Pa L 
Ralph V. Rulon, Inc. Philadelphia, Pa. ] 
Electro Chemical Engineering & Mfg. Co Emmaus, Pa. C, M 
1000 Minnesota Mining & Mfg. Co. Detroit, Mich. ( 
l Minnesota Mining & Mfg. Co. Detroit, Mich ( 
ist Ralph V. Rulon, Inc. Philadelphia, Pa I 
Electro Chemical Engineering & Mfg. Co. Emmaus, Pa M 
J. W. Mortell Co... Kankakee, II. M, I 
\u-Mast Nukem Products Corp. Buffalo, N. Y. M, I 
rmite #8506 Aluminum Industries, Inc Cincinnati, Ohio ( 
it #101 Pennsylvania Salt Mfg. Co. Philadelphia, Pa M 
st-O-Line Heil Process Equipment Corp. Cleveland, Ohio M 
n Mastic Ralph V. Rulon, Inc Philadelphia, Pa M 






BUTADIENE-STYRENE 


Decatur Chemical Co 











Decatur, Ga. 
IH Broadway Rubber Corp. Louisville, Ky. ( 
( \ Woolsey Paint & Color Co New York, N. ¥ ( 


BUTYL RUBBER 


B F. Goodrich Co Akron, Ohio 
nd GHI Soft l ` Rubber Co New York. N E. l 


CHLORINATED RUBBER 


Lacquer 






















Atlas Coatings Corp. Long Island City, N. Y 






















i Ceal National Lacquer & Paint Co. Chicago, Ill. ( 
Katit Pratt & Lambert, Inc. Buffalo, N. Y ( 
rmorcoid John L. Armitage & Co. Newark, N. J ( 

Dampne y Dampney Co. Boston, Mass. ( 
Dur r Napko Paint & Varnish Wks. Houston, Tex. ( 
Dutch Boy 296-01 National Lead Co. New York, N. Y. ( 
Lname! M-1000 Rafli and Swanson, Inc Chelsea, Mass. ( 
Ferrolastic McDougall-Butler Co Buffalo, N. Y. í 
Fire Resist Dux Paints & Chemicals, Ine Lodi, N. J.. ( 
Florhi Pittsburgh Plate Glass Co. Pittsburgh, Pa. ( 
Heresite & Chemical Co. Manitowoc, Wis ( 
ydrotles Phelan-Faust Paint Mfg. Co St. Louis, Mo. ( 
inkot J. Landau Co Carlstadt, N. J. ( 
loist and Chemical Resist- 
ng | namel Lowe Bros. Co. Dayton, Ohio ( 
Paral Allentown Paint Mfg. Co. Allentown. Pa. ( 


Paint Specialties, Inc. . San Francisco, Calif. ( 
















Form. available: € coatings; M — mastics; L = linings. Coatings are considered here to be dried films less than 0.010 in. 
u ess, mastics between 0.010 and 1/16 in., linings over 1/16 in 
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DIRECTORY OF TRADE NAMES AND PRODUCERS (continued) 
MATERIAL—TRADE NAME 


CHLORINATED RUBBER (continued) 


Pennpaint 
Ramu 
Rexadur 
Rubberes 
Rubber-Hide 
Rust-Oleun 


leconite 


COAL TAR 


Bitex 

Bitulock 
Bitumarine 
Bitumastic 
Bituplasti« 

4 ermasti B-29 
Concoat 75 
Concoat Aluminun 
Conduct 
Conseal 

Tie rtol 
Mastipit« h 
Reilly CA 

Rox Kcoul 
l'apecoat 


D 1 
1 nemecols 


EPOXY 


Copons 
Del Series D 
Epi-Rez 


FURANE 


Ceilkote F-10090 
Duralor 
Formakote 
Formalo k 
Jet- Kot 
Lankot« 


Permanite 


Pennsylvania Salt Mfg. Co 


Inertol Co 

Rexton Finishes, In 
Lambert €. 

Dux Paint & Chemicals 
RustOleum Ce 
lhompsor 

Pnemee Co 

Inertol Co 
Perry-Austen Mfg. Ce 
United Chromium, Im 
Vorac Co 

Atlas Mineral Products ¢ 


BITUMEN 


Maurice A. Knight Co 


Continental Products Co 


faltimore Copper Paint Co 


Koppers Co 
Koppers Co 
Continental Coati 


( 


nercoat Corp 

ist Paint & Lacquer 

id E. Long Cory 
Jones-Dabney Co 
Jones-Dabney Co 
MeDougall-Buth 
Klectro Cher 
Industrial | 
J. Landau Co 
Electro ( 
Pittsburgh Coke 
Porter Paint Co 
Thompson & Co 
Vorac Co 


Mlas Mineral Products 
Ceilkote Co 

U.S. Stoneware Co 
Ralph V. Rulon, Ine 
Ralph V. Rulon, Ini 
Furane Plastics, Ine 

V. Landau € 

Maurice A. Knight Co 


MINERAL BITUMEN 


Insul-Mastic Vapo 


Ceilkote Co 


Continental Products Ce 


MANUFACTURER 


Cs 


ADDREss 


Philadelphia, Pa 
Newark, N. J. 
Irvington, N. J 
Houston, Tèx 
Lodi, N.J 
Evanston, Ill 
Oakmont, Pa 
North Kansas € ‘ity, Mo 
Newark, N. J 
Grasmere, N. J 
New York, N. Y 
Rutherford, N. J 
Mertztown, Pa 


Akron, Ohio 
Euclid, Ohio 
Baltimore, Md 
Pittsburgh, Pa 
Pittsburgh, Pa 
New York, N. Y 
New York, N. Y 
New York, N. Y 
Philadelphia, Pa 
New York, N. Y.. 
Newark, N. J 
Philadelphia, Pa. 
Indianapolis, Ind 
New York, N. Y.. 
Evanston, lll. 
North Kansas City, Mo 


South Gate, Calif. 
Houston, Tex 
New York, N. 
Louisville, Ky. 
Louisville, Ky 
Butfalo, N. Y 
Emmaus, Pa 
Pittsburgh, Pa 
Carlstadt, N. J 
Emmaus, Pa 
Pittsburgh, Pa 
Louisville, Ky 
Oakmont, Pa 
Rutherford, N. J 


Mertztown, Pa 
Cleveland, Ohio 
Akron, Ohio 
Philadelphia, Pa 
Philadelphia, Pa 
Glendale, Calif 
Carlstadt, N. J 
Akron, Ohio 


Cleveland, Ohio 
Euclid, Ohio 


l-Mastic Corp. of America 


| Pittsburgh, Pa 


Forms available: € mastics; L linings Coatings are considered here to be dried films less than 0.010 in. i 


inasties between 0.010 and linings over 1/16 in 


C 18 Product Engineering — 1954 Annual H 









C NON-METALLIC MATERIALS AND FINISHES 








WATER AL CPRADE NAMIE MANUFACTURER ADDRESS FORMS" 


NATURAL RUBBER 
















B. F 





Goodrich Co. 










































































































Akron, Ohio L 
Vids \ B. F. Goodrich Co.. Akron, Ohio I 
Tt \ 3. F. Goodrich Co. Akron, Ohio I 
Boo S Automotive Rubber Co Detroit, Mich ] 
\ ^ Arco Rubber Processors Houston, Tex ] 
Hard Automotive Rubber Co Detroit, Mich l 
H Arco Rubber Processors. . Houston, Tex ] 
B. F. Goodrich Co.. Akron, Ohio I 
p Electro Chemical Engineering & Mig. Co Emmaus, Pa. L 
EC-2H Minnesota Mining & Mfg. Co Detroit, Mich. M, L 
Hard Rul: ber-—Heat Resistant Luzerne Rubber Co Trenton, N. J. L 
lard Rubber Standard Luzerne Rubber Co Trenton, N. J. L 
] 1 Heil Process Equipment Corp Cleveland, Ohio L 
Indubond No. 200 Industrial Lining Div., Chase Chemical Corp Pittsburgh, Pa L 
J Broadway Rubber Corp. Louisville, Ky. L 
Linate Linatex Corp. of America Rockville, Conn. l 
i Paramount Paramount Rubber Co Detroit, Mich. L 
Permobond Natural Hard U. S. Rubber Co New York, .N Y L 
} bond Natural Soft U.S. Rubber Co New York, N. Y I 
i Ph rofle Maurice A. Knight Co Akron, Ohio L 
i Maniprens B. F. Goodrich Co Akron, Ohio l 
1 iperflexit B. F. Goodrich Co Akron, Ohio L 
Puperflexite A B. F. Goodrich Co Akron, Ohio L 
$ Synco Corp. Emmaus, Pa C, M, L 
it rubber & Buna-N synthetic. $ Blend of natural rubber with other resins & fillers. 
NEOPRENE 
1 A B. F. Goodrich Co. Akron, Ohio I 
Al Automotive Rubber Co. Detroit, Mich I 
la hing Compound #77 Union Bay State Chemical Co Cambridge, Mass C. M 
^ mbia #7 Lining Pittsburgh Plate Glass Co Pittsburgh, Pa C. M 
Duro-Prene Electro Chemical Engineering & Mig. Co Emmaus, Pa. C, M 
nro-Prene H( Electro Chemical Engineering & Mig. Co Emmaus, Pa C, M 
39 Minnesota Mining & Mfg. Co. Detroit, Mich C, M 
Neoprene Gates Engineering Co. Wilmington, Del L 
( Neoprene N-200 Gates Engineering Co. Wilmington, Del M, L 
( Neoprene N-700 Gates Engineering Co. Wilmington, Del ( 
( Neoprene Skidproof N-600 — Gates Engineering Co. Wilmington, Del ( 
: i22 Heil Process Equipment Corp Cleveland, Ohio L 
‘ ibond No. 151 Industrial Lining Div., Chase Chemical Corp Pittsburgh, Pa C, M 
; nd N Broadway Rubber Corp. Louisville, Ky I 
( nance Coatings «300 Union Bay State Chemical Co Cambridge, Mass. ( 
! ttan Raybestos-Manhattan, Ine Passaic, N. J I 
: Atlas Mineral Products Co Mertztown, Pa C, M 
: Atlas Mineral Products Co Mertztown, Pa C, M 
í nt Paramount Rubber Co Detroit, Mich I 
S weld 1165 Polymer Chemical Co Cincinnati, Ohio 
bond GRM Soft U. 5. Rubber Co New York, N. Y ] 
Protective Coatings, In l'ampa, Fla C, M,L 
Synco Corp Emmaus, Pa CM,L 
C, M ge Compound #234 Union Bay State Chemical Co Cambridge, Mass M 
NITRILE RUBBER 
M, | Heresite & Chemical Co Manitowoc, Wis L 
M, 1 thond 1300 Polymer Chemical Co Cincinnati, Ohio I 
C, M bond GRA Soft U. 5. Rubber Co New York, N. Y 
a {GRA Hard U.S. Rubber Co ; à New York, N. Y I 
y 
PHENOLIC 
U.S. Stoneware Co Akron, Ohio ( 
No. 71 Amercoat Corp South Gate. Calif. ( 
John L. Armitage & Co Newark, N. J ( 
M Ceilkote Co Cleveland, Ohio 
vailable: € coatings; M mastics; L — lingings. Coatings are considered here to be dried films less than 0.010 in 
5, masties between .010 and 1/16 in., linings over 1/16 in 
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DIRECTORY OF TRADE NAMES AND PRODUCERS (continued) 


MATERIAL—TRADE NAMI 
PHENOLIC (continued) 


t Clear Pr tt & l à 

Mun 

D 

H 

H 

| 

M 

M 


PHENOLIC-DRYING OIL 


1 & AR Varnis r UN 
TE Vli 
Fisen-Heiss Maste 
Flor-Dech N 
llardcote M 

H 


I 
i 


H 

M 
M 
M 
M 


POLYETHYLENE 


SILICONE 


Muminum 1500 
Dampm 

Del Aluminuu 
Hi-H« 

Lan 


Porte 
l'rufcoat HI 
Silicone A 


Thermalit« 


* Forms ava 


Dess, mastics bet 


C20 


MANUFACTURER ADDRESS 


Buffalo, N. Y 
Cleveland, Ohio 
North Tonawanda, N.Y 
Cleveland. Ol 
tow Wis 


eland, OF 
New York, N. Y 
Newark, N.J 


n N 
pids, Micl 
N. d 
1, Ohio 
ti. Ohio 
ncinnati, Ohio 
'ittsburgh, Pa 
n 
and, Ohio 
sland City, 
sland City, 
sland City, 


sland ¢ ity, 


Chi igo, lil 


Houston, Tex 


Lodi, N. J 
Boston, Mass 
New York, N. Y 
Nashville, Tenn 
Carlstadt, N. J 
Cincinnati, Ohio 
Louisville, Ky 
Cambridge, Mas 
Allentown, Pa 
Cleveland, Ohio 


to be dried films less than 0.010 1 
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k Alkali Resistant 


kote 


FRADE 


NAME 


MANUFACTURER 


STYRENE-BUTADIENE 


ili Resistant 


indard 


THIOKOL 


Grp Soft 
VINYL 


ticbond 


| acquer 


V -200 


()-Lite 


-Clad 


toj 


istic 390 


iVailable: € 


mastics between 0.010 and 1 


"ngineering 


coatings 


1954 Annual 


Protective Treatments, Inc 

David E. Long Corp 

Electro Chemical Engineering & Mfg. Co 
MeCabe Paint & Varnish Co 
Phomson-Porcelite Paint Co 
Phomson-Porcelite Paint Co 

Medusa Portland Cement Co 

Nukem Products Corp 

Watson-Standard Co 

Glidden Co 

Prufcoat Laboratories, In 

Hanline Bros 

McCabe Paint & Varnish €« 

svneco t orp 

Fhompson & €« 

lropical Paint & Oil €o 
Pittsburgh Plate Glass Co 
Atlas Mineral Products Co 


Minnesota Mining & Mig. ¢ 
Rubber o 


U.S 


Protective Treatments, In 
Wilbur & Williams Co 
Atlas Coatings Corp 
Amercoat Corp. 

John L. Armitage & Co 
H. N. Hartwell & Son 
Nelson & Quinn Co 
Vimasco Corp. 
Pittsburgh Plate Glass Co 
Ceilkote Co 

Jones-Blair Paint Co 
Minnesota Mining and Mfg. Ci 
Corrosite ( orp 


Munray Products, ln 
Munray Products, Ine 

Dampney Co 

David E. Long Corp 

Napko Paint & Varnish Wks 

Electro Chemical Engineering & Mfg. Co 
Merchants Chemical €o 

Polymer Chemical Co 

Protective Coatings, Im 
Watson-Standard Co 

Gates Engineering Co 

Paisley Products, Inc 

Heil Process Equipment Corp 
Heresite & Chemical €o 
Industrial Lining Dis 
Rubber Co 


Goodrich Co. 


Chase Chemical € orp 


U.S 
B. F 
Ravybestos-Manhattan 
J. Landau Co 

J. Landau Co 
Broadway Rubber Corp 


Ine 


Plastic Lining Coatings, Inc 
Plastic Lining Coatings, Inc 
Plastic Coating Corp. 

R. M. Hollingshead Corp 

C. A. Woolsey Paint & Color Co 


M mastics; L linings. 


16 in., linings over | 


16 in 


Handbook 


Coatings are considered here to dried films less than 0.010 in 
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ADDRESS FORMS* 


Dayton, Ohio 
New York, N. Y 
Emmaus, Pa 
Irvington, N. J 
Philadelphia, Pa 
Philadelphia, Pa 
Cleveland. Ohio 
Buffalo, N. Y 
Pittsburgh. Pa 
Cleveland, Ohio 
( ambridge Mass 
Paltimore, Md 
Irvington, N. J 
Emmaus, Pa 
Oakmont. Pa 
Cleveland, Ohio 
Pittsburgh, Pa 
Mertztown, Pa 


Detroit. ME h 
New York. N 


Dayton, Ohio 
Boston, Mass 
Long Island Ci 
South Gate, ( 
Newark, N. J 
Boston, Mass 
Toledo, Ohio 
Charleston, W. Va 
Pittsburgh, Pa 
Cleveland, Ohio 
Dallas, Tex 
Detroit, Mich 
New York, N. Y 
Cleveland, Ohio 
Cleveland, Ohio 
Boston, Mass 
New York, N Y 
Houston, Tex 
Emmaus, Pa. 
South Norwalk, Conn 
Cincinnati, Ohio 
Tampa, Fla 
Pittsburgh, Pa 
Wilmington, Del 
Chicago, Ill. 
Cleveland, Ohio 
Manitowoc, Wis 
Pittsburgh, Pa 
Naugatuck, Conn 
Akron, Ohio 
Passaic, N. J 
Carlstadt, N. J 
Carlstadt, N. J 
Louisville, Ky 
Chicago, lll 
Chicago, Ill 
Houston, Tex 
Camden, N. J 

New York, N. Y 


in 
































































































































































































































































































































































MATERIAL 





TRADE NAME 
VINYL (continued) 





Microloid 
Microsol 
Mic rotap« 
Microtex 
Nukemite #35 
Nukemite 510 
Panoflam 

Parakote Liners 
PC-11 Plastisol 

Pee Vee 

Permaskin 
Permawelds 

Plastisols & Plastigels 
PRS Mastics 
Prufcoat * A 
Richardson #122 
Ridigsol 

Sealon 

Sterilkot« 

Synco 

PK-43 

Puff 

l'uflex 

l'vgon 

l vgoflex 

l'ri-Guard 

Ucilon 

Unichron« 

Union 

U.S. Rovyalguard 
Vinco 

Vinrex 

Vinyl 

Vinyl Aluminum 
Vinyl-Clas 

Vinyl-Cot« 

Vinly Floor Enam 
Vinly Lac 

Vinyl Plastisols 

Vinyl Red Lead 
Vinyloid 

Vinyltex 

Vinylux 

Vora 

Vorliner #22 

Zerok 101 
Zerok 105 


VINYLIDENE 
\tlastavon | 
Duro-San 

(;aco Nitrocote 
Insulbond No. 100 
Naras Rubber 
saran 

Saran 

Saran 

“Saran 

Saran Rubber 
Saran Rubber 
^ynco 

l'ri-Bond 


Vorsans 
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DIRECTORY OF TRADE NAMES AND PRODUCERS (continued) 


Michigan Chrome & Chemical Co 
Michigan Chrome & Chemical Co 
Michigan Chrome & Chemical Co 
Michigan Chrome & Chemical Co 
Nukem Products Corp 

Nukem Products Corp 
Perry-Austen Mfg. Co 
Paramount Rubber Co 

Munray Products, In 

Thompson & Co 

Dennis Chemical Co 

Polymer Chemical Cx 

Protective Treatments, In 
Product Research Service, In 
Prufcoat Laboratories, Ini 
Richardson Paints, Ine 
Watson-Standard Ci 

Maurice A. Knight Co 

Bradley & Vrooman Co 

Synco Corp 

l'ube-Kote, Inc. 

Nelson J. Quinn Co 

Coating Materials Laboratories, In 
U.S. Stoneware Co 

L. 5. Stoneware Co 

Benajmin Foster Co 

United Chromivm, In 

United Chromium, Inc 

Union Chemical Corp. 

U. S. Rubber Co. 

Coating Materials Laboratoreis, In 
Rexton Finishes, In 

Lenoir Wood Finishing Co 

Dux Paints & Chemicals, In 
Plastic Lining Coatings, In 
Glidden Co 

Benjamin Foster Co 

Plastic Lining Coatings, In 

Atlas Coatings Corp 

Dux Paints & Chemicals, In 
Kelley-Mahorney Co 

Baltimore Copper Paint € 
Kelley-Mahorney Co 

Vorac Co 

Vorai Co 

Atlas Mineral Products Co 

Atlas Mineral Products Co 


CHLORIDE 


Atlas Mineral Products Co 


Electro Chemical Engineering & Mfg. Co 


(Gates Engineering Co 


Industrial Lining Div., Chase Chemical Corp 


Broadway Rubber Corp 
Automotive Rubber Co 
ARco Rubber Pro essors 

] enoir Wood Finishing Co 
Raybestos-Manhattan, In 
Dow Chemical Co 

Saran Lined Pipe Co 
Synco Corp 

Broadway Rubber Corp 
Vorac Co 











MANUFACTURER 








Detroit, Mich. 
Detroit, Mich. | 


Detroit, Mich. Mr 


Detroit, Mich 
Buffalo, N. Y. 
Buffalo, N. Y. 
Grasmere, N. Y 


Detroit, Mich A 


Cleveland, Ohio | 
Oakmont, Pa 

st. Louis, Mo. 

Cincinnati, Ohio 

Dayton, Ohio l 
Westwego, La | 
Cambridge, Mass 

Havertown, Pa 

Pittsburgh, Pa 

Akron, Ohio 

Chicago, Ill 

Emmaus, Pa 

Houston, Tex 

Toledo. Ohio ( 
Belleville, N. J. ( 
Akron, Ohio ( 


Akron, Ohio M] 


Philadelphia, Pa ( 
New York, N. Y ‘ 


New York, N. Y M 
Newark, N. J ( 
New York. N. Y ( 


Selleville, N. a. ( 
Irvington, N. J í 


Lenoir, N. C. ' 
Lodi, N. J ‘ 
Chicago, Hl. ` 


Cleveland, Ohio ( 
Philadelphia, Pa ( 


Chicago, Hl. ( 
Long Island City, N. Y M 
Lodi, N. J. ( 
Louisville. K v ( 
Baltimore, Md ( 
Louisville, Ky ( 
Rutherford, N. J ( 


Rutherford, N. J 
Mertztown, Pa ( 


Pa 


Mertztown 






Mertztown. Pa 
Emmaus, Pa l 
Wilmington, Del 

Pittsburgh ,Pa. 

Louisville, Ky. 

Detroit, Mich 

Houston, Tex 

Lenoir, N. ( 

Passaic, N. J. 

Midland, Mich 

Ferndale, Mich 

Emmaus, Pa 

Louisville, Ky 

Rutherford, N. J 





M mastics; L linings. Coatings are considered here to be dried films less than 
in thickness, mastics between 0.010 and 1/16 in.. linings over 1/16 in 
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ADDRESS 1 ORM 
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UMS 


‘om Ct MICAL ENGINEERING 


Choosing Thermal 
nsulation Materials 


Generic types of materials + Methods of evaluation - 










How to calculate required thicknesses 





RAY THOMAS Economic Thickness 
id TI C. m — Fundamentally, the heat transferred 

MELLE W Va ; through an insulation is determined by 
i the difference between the high tem 
perature on one side and the low tem 


ng material are of foremost perature on the other side, divided by 
in selection, there are many the 








thermal characteristics of 








resistance to heat flow. This re 
siderations that may 







govern sistance includes, in addition to the 

is to be specified, Table I nsulant itself, the outside air film and 

cost is always a factor, as sometimes an inside air film. Methods 

g | service conditions, especial for calculating heat flow and film r 
y may have a serious effi sistances can be found in basic texts 







and mechanical prop ind handbooks with relative ease 
nsulation to be sel l As the thickness of thermal insula 








Shapes and sizes 









Conductivity 
Effect of temperature 











Specific heat 






Thermal diffusivity 
Thermal emissivity 
Thermal absorptivity 
















Expansion and contraction present 
Resistance to flame 


MECHANICAL PROPERTIES 
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C NON-METALLIC MATERIALS AND FINISHES 


tion is increased, the amount of heat 
loss is decreased. Of course, the thicker 
the insulation, the higher its cost 
When the insulation is of the optimum 
thickness, the sum of the value of heat 
lost per year and the annual cost of 
nsulation is a minimum 

For flat surfaces, McMillan gives the 
equation for determining the most 

jnomical thickness x in inches as 


v ak d R 
M A t: 1,000,000 


onductivit 
ft.-) (deg. F./ir 
M value of heat, & million Btu 
Hn sum of air-film resistances, (hi 
ft.2) (deg. F.) Btu. 


lifference between inside tempera- 
ture and ambient air temperature, 


) operating time, hr 


The first term on the right expresses 
n inches of thickness the total thermal 
resistance required. The second term 
reduces this total by the equivalent 
thickness of the air-film resistance 

For cvlindrical surfaces, such as 





Table I What to Consider When Comparing Insulation Materials 


DIMENSIONAL PROPERTIES MOISTURE PROPERTIES 
Water migration 


Vapor migration through joints, cracks, tape 
Effect of temperature, humidity and air motion 


Relation of thickness resistance to vapor mi- 
gration 


Straightness Vapor migration 
Smoothness 
Shrinkage—excessively large voids 
Coverage on vapor migration 
Density 


THERMAL PROPERTIES Relation of vapor barriers to thermal insulation 
in their ability to be used together 


Effect of moisture CHEMICAL PROPERTIES 
Effect of joints . Chemical analysis 
Effect of tie-wires Corrosive properties—alkalinity, pH 
Corrosive properties in combination with other 
Effect of temperature materials 
Effect of moisture With moisture present 
With process chemicals present 
Smoke point—alone or with chemicals present 


Flash point—alone or with chemicals present 
Temperature range—maximum and minimum Auto-ignition' 


point—alone or with chemicals 


ELECTRICAL PROPERTIES 
Resistance to electrical flow, dry, wet 


Compression strength Galvanic action 

Compressibility of blanket or fill materials 

Tensile strength WORKABILITY PROPERTIES 

Flexural strength Cutting characteristics of solids 

Impact strength Fitting characteristics of solids 
Compression—shear strength Forming characteristics of solids 
Hardness—surface Adhesive characteristics of cements and mastics 
Abrasion resistance Pouring characteristics of cements and mastics 
Indentation strength Troweling characteristics of cements and mastics 
Tearing strength of blanket and sheets Brushing characteristics of mastics 

Loss of strength because of fatigue Handleability of material 

Folding endurance of sheets and films Personnel reaction—effect on skin 

Resistance to thermal shock Toxic hazard of application—solvents in mastic, 
Temperature effect on strength etc 
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9duc! Engineering 


equation. must. be corrected 
ference between the inside 
surface areas of the in 
in the basis of outside area 
ss x is replaced by the term 
where r, is the inside ra 
the outside radius 
r. most pipe insulation is 
linear foot basis rather than 
sis. In the derivation of the 
cost equation via differen 
d equating to zero, this 
cost basis gives rise to an 
factor not appearing in the 
for flat surfaces 
il expression for economic 
for cylindrical surfaces is 


. 2r r 
KR V akj 
\ Te R h 


s the air-film resistance of 
surface and ^ is expressed 
sis of outside surface arca 
Effect of Service Conditions 
the standpoint of thermal 
teristics and mechanical and 
al properties, the data listed in 
II can be used to select an in 
n material that is satisfactory 
ndustrial requirements. How- 
en the best insulation will not 
è good service if improperly in 
ed and if not used with accessory 
rials which will withstand the con- 
imposed by the installation 
're—All outdoor and some in 
t insulation must be protected by 
veather barrier. Most outside in- 
m is protected with bituminous 


turated felts or mastics composed of 


minous bases. Indoor insulation is 
finished by painting. In either 
less the surface temperature is 
ntly low to prevent the heat 
shortening the life of these fin- 
the cost of maintaining them 
e prohibitive 
nt temperature—Surface tem 
: of insulation should normally 
the dew point of the ambient 
r extremely humid conditions 
tually impossible to prevent oc- 
ondensation on low-tempera 
lation surfaces. However, the 
n should be designed so that 
ds when condensation occurs 
relatively infrequent and of 
ration 
surface temperature stays be 
average dew point it will al 
wet. Migration of moisture is 
ter through a wet surface 
igh a dry surface which is 
dew point. Not only will 
trom wet surfaces cause con 
damage to surrounding metal 
fe of the barrier and the in 
tself will also be decreased 


Low temperature surface Water 
vapor must be prevented from enter- 
ing materials used to insulate low tem- 
perature equipment. Completely satu- 
rated insulation has a conductivity 
value of 4.0, compared with about 
0.25 for dry insulation. Thus the heat 
flow through the insulation will in 
crease up to 16-fold 

Unless the insulation is itself vapor 
resistant, the vapor barrier becomes of 
paramount importance in protecting 
the insulation and providing an eco- 
nomical service life. Vapor barriers 
may be composed of any one or morc 
of a number of materials selected for 
their ability to serve the requirements 
of the installation in question 

One common mistake in the use of 
vapor barriers is the omission of tie- 
offs. At intervals the barrier should be 
sealed off through the insulation to 
the metal surface. In case the outer 
membrane IS punctured such tic offs 
will restrict vapor migration to only 
one sealed section. For the same rea- 
son, where pipe insulation is inter- 
rupted at a junction point, such as an 
ell, valve or flange, the vapor barrier 
of the pipe insulation should be sealed 
off from the insulation and vapor bar- 
rier of the fitting 

Breakdowns of weather and vapor 
barriers frequently begin at corners, 
particularly inside corners. For this 
reason it is preferable to maintain as 
large a radius as possible and avoid 
sharp acute angles by rounding out in- 
side corners, using special precaution 
that the barrier is well reinforced and 
installed with particular care at these 
points. W'here a vapor-resistant insu 
lation is used the considerations are 
somewhat less exacting. 

The weakest point of any insulation 
lies in the joints. Unless joints are ade 
quately sealed and protected. moisture 
will enter at these points. The mois- 
ture may then alternately freeze and 
thaw and eventually cause complete 
breakdown of the insulation 

Expansion and contraction of pipes 
and vessels should be carefully con- 
sidered in the design of insulation. On 
low-temperature installations, such 
movements transmitted to the vapor 
and weather barriers contribute to their 
breakdown; wherever possible, these 
stresses should be eliminated or com 
pensated for in the design 

Safety—For high temperature instal- 
lations, sufficient material must be used 
to keep the outside surface tempera 
ture sufficiently low that it will not con- 
stitute a hazard to operating personnel 
Another consideration is that the high- 
er the surface temperature, the greater 
the hazard of flashing from flammable 
materials of low flash points 

Conversely. insulation must be suf 
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ficiently thick to prevent excessive heat 
loss or gain in the equipment. If an 
operating process can afford to lose 
or gain only a limited amount of heat, 
or if certain vessels operate on definite 
temperature limitations, a sufficient 
thickness of insulation must be pro 
vided to maintain the required condi 
tions and prevent economic loss or 
damage to equipment 


Other Types of Insulation 


In addition to the materials listed 
in Table II, use of reflective materials 
or a vacuum may be satisfactory for 
insulating purposes 

Reflective insulation consists of one 
or more parallel sheets of metal sepa 
rated by suitable spacers. By restricting 
the air movement, heat transfer by con 
vection is cut to a minimum. Heat will 
pass through air or any other gas by 
conduction, as it does through a solid 
however, the conductivity of air is low 
being only 0.16 Btu. per (hr.) (sq 
ft.) (deg. F per in.) at 70 F 

The balance of the total heat loss 
is transferred by radiation. The amount 
transferred from a warmer surface to 
a cooler one is determined by the tem- 
perature difference between the two 
surfaces, the emissivity of the warmer 
surface and the reflectivity of the cooler 
surface. By using a material that has a 
low emissivity on the warm side and 
a material that has a high reflectivity 
on the cool side the amount of heat 
transferred will be minimized 

Although many polished metals 
have low emissivity and high reflec- 
tivity, they lose their polish when their 
emissivity values rise and their reflec- 
tivity values drop. Aluminum is fre- 
quently used in reflective insulation be 
cause the change from a polished sur- 
face to an oxidized surface increases 
its emissivity and reduces its refec- 
tivity only about 5 percent 

If the air is removed from between 
two surfaces which have low em:ss:ve 
and high reflective. values, then the 
heat transfer by convection and con- 
duction will be reduced to a much 
smaller amount than when air :s pres 
ent. The vacuum also assists in retain 
ing the most efficient reflective sur 
faces; thus, transfer is minimized 

Use of reflective surfaces separated 
by a vacuum is a very efficient means 
of insulating thermally, but because of 
the difficulty of maintaining a vacuum 
it is generally restricted to the insu 
lation of relatively small vessels or ob- 
jects. It is excellent at low tempera 
tures, providing the vacuum is main 
tained, because the system is also vapor 
tight. Vacuum used for high tempera- 
tures is generally limited by the re 
strictions imposed by the ability of the 
container to resist thermal shock 
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MECHANICAL AND EL! 


Materials shown have been grouped according 
to vitrification, impervious dense materials on 
the left, with increasing porosity toward the 
right, classified by moisture absorption, as 
follows: 


Impervious.0 to 0.02% Technically 
Vitrified.0.02 to 0.595 Vitreous 0.5 to 3% 
Semivitreous . 3 to 10% 
Highly Porous. .Above 10% 


tm pese are pan — M a na 
test pieces. Production articles may vary slightly. inoenstatite Crystals ‘ 
depending on size, shape ed method of | ai —_  Mg0-Si0 d Forsterite 

- +2Mg0-Si0, | 
manufacture. | ^ B C 


| High strength |Lowerdielectric| Excellent Mechanically 
insulators with | losses than A. | mechanical strong with 

good electrical | High strength | properties with) high electrical 
| characteristics,| insulators made lower electrical] resistance at 

| made to close| to accurate | losses than B. elevated 

| tolerances for | dimensions for | Foruse in high | temperatures. 

| household |radiofrequency| frequency |For heater wire 
| equipment | circuits. | equipment. supports in 

| and appliances. appliances. 


VITREOUS CERAMIC MATERIALS 


FINE TEXTURE 


Steatite-Chiefly | Tita; 
inium 
Dioxide 
TiO, 
B 





-—— 


High Streng 
alumina cran 
for some whe 
larger size 
articles thar 
posible in A 
made by bo! 
machining ar 
pressing 
methods 


For service 
where very low Polished 
loss insulators [Thread guide 
are required. |High dielech: 
For ceramic to | constant, wit. 
metal seals. E as dielec- 
Close toleran- incapaciton 
ces obtainable | Because of 
by grinding. | hardness, also 
| used lor aba. 
| | | sive resistant 
—— ee ee sts RR 
0 to 0.02 | 0 to 0.02 | 0.02 to 1 | 0 to 0.02 | 0 to 0.09 
Techn. 


| Vitreous | Impervious | Impe iow 
2.6 2.8 4.0 

| 0098 | 0094 | 0100 | O14 
1,440 | 1,445 1,440 1,450 


. ° Ceramic h 
Application eramic for 


ASTM 
Test 
Number | 


Property | 


* — 


D116 42 (A), 
| | imps 


D io 0.01 


| O to 0.02 | 


| 

r 

ious 
-—— 
. | 
| 
to 


Water Absorption Percent 


mpervious | Impervious 


| 2.7 


Imperviou 
3.4 
0.123 


1,440 
2,624 
1,100 
2,012 


Specific gravity | ti = 
Density i Lbs per cu in. 
Softening T t C 

ening Temperature 2624 2633 3624 m 
1,000 1,000 1,000 1,000 
1,832 1,832 


= 


F 
Safe temperature’ at C 
continuous heat F 


Hardness 

Thermal expansion 
Linear coefficient 
Tensile strength 
Compressive strength 
Flexural strength 
Resistance to impact 
(7A in. rod) 

Thermal conductivity* 
(approximate values). 


D116 42 


Charpy 


Per C 


D667-42T | 
D667-42T | 


D661-49I | 


| g cal x cm thick 


Mohs’ Scale* 


25-100 C | 
25-700 C 
Lb persqin. | 
Lb per sq in. 
Lb per sq in. 


Inch-Lb 


cm? x sec x 


7.5 
6. 4x10 " 
8.9x10'* 
10,000 
85,000 
20,000 


| 1,832 ] 


7.3x10* 
| 8.6x10* 
10,000 
85,000 
20,000 








4.0 
[0.006 


$50 | 
0.006 | 
+ 


7.5 
7.1x10* 
10.2x10* 
8,500 
75,000 
20,000 





4.5 


(c 

9.1x10* | 

10.6x10* 
10,000 
85,000 
20,000 


9 


$8x10* 
7.5x10* 


! 100,000 


40,000 
6.3 
0.020 


Dielectric strength 
step 60 cycles) 
est discs 4 in [thick 4 


25C 
100C 
300 C 
500 C 
700 C 
.900 C 


Volts per mil 240 240 


> 10" 
> 10“ 
8.0x10” 
3.0x10* 
5.5x10* 
| 4.0x10* 


» 10^" 

1.0x10" 
6.5x10° 
4.0x10’ 
1.8x10* 
1 3.0x10* 





Volume resistivity 
at various 
temperatures 


Ohms per 
centimeter 
cube 








C 


Te value* F 


+ 


\ 60 Cycles 
1 MC 

10 MC 

100 MC | 


\ 60 Cycles 
Power | 1 MC 
fector* i 10 MC 
100 MC | 
\ 60 Cycles 
Loss 1 MC 


factor“ i 10 MC 
100 MC 


Io el 
wu 
oo 
loo 
EE 
Un 
o 
10 

| 


— 
K 


Dielectric 


constant’ i D667 42T 


e unu | 
owo | 


| 


Or 
oo--rfw! 
o 


D667 42T 


O=- ww 


33 2888, 








D667 42T 


oooo|ooooJ]oooo 


oooo|oooo 
|8822 8338 
2 $$ 


Capacity change Per C 





| Parts per million 
T 


o 
o 


Ceramic materials cannot be measured by 


*The value is the temperature at which 
Rockwell or Brinell methods. 


meter cube has a resistance of one meg 


* Conversion factor: 
g cal x cm thick 


cm’ x sec x C 


“Steatite, Forsterite, Alumina, measured «t 
immersion in water for 48 hours (Je 


BTU x in. thick 
sq ft x hr x F 
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LAVA REFRACTORIES 













































i ARRAI TERA a "GRAIN | FINE TEXTURE GRANULAR 
L ea x aes —Á —— an . » nm — 
| Aluminum Magnesium Magnesium | Zirconium Silicon 
P Silicate pes Cordierite I Zircon | Alumina | Silicate | Oxide Carbide 
|, 05 AISiO, |  MsgS5iO, |9Mg0-2A1,0,-5SiO,| Zr0,-Si0, | AkO, | MgSi0, Zr0, i 
desee um [orum neun | 
:— ———' — |— ai 
» High Strength | | Good electrical| Excellent | Low coefficient Very fine srain |" Easily degassed| Refractory which | Refractory body Excellent 
j alumina c | and heat electrical z um. refractory with |refractory with | is machinable in fair for refractory for 
des tor T | — properties, -o — good resistance | good electrical the fired state. heat shock. _ heat shock, 
hie larger 5 is Ze m ot made to close -e eat shock. to heat shock. resistance at Sold in rods, | Made only in high temperature 
2 articles € je y - ^ov tolerances. or heating Suitable for | high tempera- tubes, plates | plates, rods and | strength. 
ra possible in . vailable in For insulating elements, firing plates | ture. Porous and blocks. | simple shapes. | Made in simple 
in made by bot! ` non sizes spacers in thermocouple and supports, | body principally For model Manufactured by| shapes only 
d machinins and | than any = small size insulators and brazing jigs, | usedforvacuum | — making and pressing or | High abrasion 
do "ans | grade of Lava. | vacuum tubes. | burner tips. etc | tube insulators, | repair parts casting methods. | resistance 
bre- " | | 
lant | 
m | L + -— + — - — — — 
0 Te 0.08 T —1153 | Yes | told | 81014 1210 18 | 14to 18 1210 16 | 8119 
| | | Technically Technically | Highly Highly Highly Highly Highly Highly 
Impervious | Vitreous Vitreous | Porous Porous | Porous | Porous Porous Porous 
à a — —— —— ———— —— ——— — —— - 
34 | 313 | 28 $9 | 29 24 | 2.0 2.9 2.2 
0.123 | 0.085 | 0.102 | 0.076 0.105 | 0.087 0.072 | 0.106 | 0.081 
0 T0 | T50 | TL4A5 | 1435 1| 16i | 180 ] 1,625 | 2400 | 1,800 
2 $2694 | 2,912 2,687 2,606 | 2,930 | 3,272 2,957 4,352 3,272 
i - — m — - ——__—_+—__ — —— — ————————— —ÓÓ —À 
o (100 | 1100 | 11250 1,250 1,350 1,400 1,300 1600 | 1,450 
2 9012 | 2,012 | 2 282 | 2,28? — | 2,4699 | 2552 | 2372 | 9912 2,642 
9 6 = 6 | 7 | | 6 | | See footnote* 
10¢ £$d0* | €9x10* I me | "féxi0* — | 5.310* | 5.1x10* |  8.0x10* | 7.2x10* | 20x10* 
10* 7.5x10* | 3.6x10* 11 1190 | 2.8x10* | 5.3x10* | 7.2x10* | 10.0x10* | 8.3x10* | 5.2x10* 
00 | 2,500 | 3,500 | 2,500 
o [EF 100000 | 20,000 | 25,000 | 40,000 | 16,000 | 11,000 | 25,000 | 11,000 7 
00 40,000 | 9,000 9,000 | 8,000 | 13,000 | 10,000 | 8,000 | 4,000 | 4,090 
5 6.3 | T i n| 25 L2 1 2 | $1415 1 a | 24 
09 0.020 | 0.003 | 0.005 | 0.003 0.003 0.004 0.005 0.004 0.030 
90 250 | 80 | 100 | 100 50 50 
+ capensis —— — — + . —— men 4 4 
Qu » 10^ | 210» | 2 | >10“ | 210^" >10“ >10“ > 10™ 
x10" 20x10" | 6.0x10" | 9.0x10" | 3.0x10” | »10*4 5.0x10" >10“ >10" 
= T | 0x10? — | cane | 3.6x10° | 1.0x10¥ 6.0x107 4.5x10* 
uo B iore | Ssmo | santo | soo =| romo | semo | tame | gsc 
x10" 4010 | 5.0x10* | 42x10 | — 3.5x10 | 22x10 | 56x10 | 11x10 | 4.010" 
20 800 620 810 780 700 835 > 1,000 610 
68 1,472 1,148 1,490 1 1,436 — 1,292 d. 1,535 | > 1,832 | 11 30 
85 | | 
85 8.3 5.3 58 | 5.0 5.5 5.5 
85 8.1 5.3 | 5.0 5.4 29 
85 7.8 5.9 | 4.9 | 2.3 5.5 
0010 pee pe—— Ó^Ó————— E T 
.0005 0.0007 0.01 0.0003 0.004 | 0.0025 0.0902 
.0006 0.0007 | 0.009 | 0.003 0.0025 0.0002 | 
0007 0.0008 a 0.007 _ | : | 0.003 | | 0.0020 | 0.0002 i | 
| | | 
0006 | 0053 | 000? | 0.020 | 0014 | 0.001 
0006 | 0.048 | | 0.015 0.014 | 0.001 
0.006 1 0.036 | 0.015 | 0.011 0.001 
= — —— ——— —————————————————————— A — 
| | | 
150 -200 | 100 100 
—————————— e MÀ 
which : Ml "ud and coarse grained; can be Values omitted because specimens according 
jne meg bund, but not machined either before to A.S.T.M. cannot be made in this material 
" ring or the values have no industrial significance. 
sured w 
rs. (Jan! 


From: American Lava Corporation Bulletin 


























































































































EPOXY PLASTICS . 


. Epoxy res 
ins, a new class of 


condensation poly 
mers that exhibit the best properties of 
phenolic and polyester resins, have 
reached a stage in commercial dex elop 
ment where they are seriously compet 
ing with these better known resins in 
coatings, 


adhesives, castings, moldings 
and 


laminations. Although relatively 
high priced, they have one important 
characteristic that puts them apart 

they set at room temperature Depend 
ing upon curing agent and temperatur: 
choices, mold 


epoxy resins can also be 


ed or cast at temperatures up to 450 I 
Molding pressures may also vary wit! 


ature 
date 


electronics units 


g agent ana temper 
(ore 
encapsulation of 


atest use bee: Hu 


has 
and 
components where their impact resist 
ance and din 
elevated ten 
sistors, va 
tronic components 
mechanical shock. 

Coming up fast is their influence ii 
reinforced where they make 
the forming fiber 
structures without heat or pressure. Ir 
conventional glass fiber-polyester resi: 
laminates, they are 


stability at 
iperatures. safeguard 
cuum tubes, and 
from 


ensional 
tran 
other C lec 
thermal and 


plastics 


possible of glass 


already 
a major disadvantage of 


offsetting 
polyester resins 

-poor adhesion to metal surfaces. As 
— to-plastic bonds, thev will sin 

lify design of metal inserts, eliminate 
n bod cal fastenings, induce compact 
joint design 


For coatings, their chen 


ical resistance, not only surpasses tha: 
of phenolic and vinyl base coatings 
but their temperature resistance, abo 


350 F, and their application without 
baking makes them usable where thes 
oatings 


are not 


As casting materials, epoxy resins 
require no expensive molds. Molds 
yy be made of plaster, metal-sprayed 
plaster, plastic or wood forms, alu 
minum, or steel. One recent develo; 


; 3 F 
ment in casting is the use of plastisol 


Fused from vinyl resin based 
plastic izer dispe rsions 


n olds 
nexpensive yet flexib] 
mit removal of 


nportant 


enough to per 


lies, will expand 


production ex 
inexpensive 


con cast pieces 


~ 


use, « 
is. reinforced. plastic 


tools 
VINYLTOLUENE 
Similar in be 
hibiting 


RESINS 
havior to styrene 
greater fk 


xibility character 


these new resins 


istics, are expert d t 

replace styrene in synthetic rubber 

rubber-reinforcing resins, polyester res 
1d molding powders 


these molds are 


but ex- 


Developments to Watch 


REINFORCED PLASTICS .. . De 
velopments in resins will be major 
changes in reinforced plastics in com 


ing year. Uses—commercial car bodies, 
tank truck construction, architectural 
units—definitely place these materials 


in structural ap plic: ition. Successful use 
of phenolic-glass fiber reinforced 
laminates in primary aircraft structures 
indicates this trend as well as growing 
use of epoxy described above. Initial 
testing during 1953 showed that glass 
fiber phenolic laminates compare 
favorably with metal alloy sheet on a 
— basis. At temperatures of 500 

*, their specific ultimate tensile strength 
somes that of titanium and stain 
less steel alloys, has resulted in their 
being evaluated for compressor blade 
construction. Economies 
reinforced construction indicate that 
structures can be built for as 
20 percent of the equivalent 
metal. Studies were made in 
highly loaded components such as wing 
panels and fuselage sections and the 
plastic structure was designed to con 
form with most efficient techniques in 
use today. In typical designs, the plastic 
lay-up requires only about 10-15 per 
cent of the component parts of the 
equivalent metal assemblies, reflecting 
a reduction of 20 percent in engineer 


claimed for 


some 


little 
cost 


as 


in 


ing manhours required to design th 
structurc 
ISOCYNATES . Another new 


class of synthetic resins, the isocynates 
will go into production soon in this 
country with completion of a plant be 

ing built by the Monsanto Chemical 
Company. Excellent waterproofing 
compounds for all types of fabric and 
leather, the isocynates also are said to 
be one of the strongest adhesives for 
fabric to metal and metal to metal 
Strength of joints and design recom 
mendations are being investigated 
jointly by Monsanto and the Armour 
Laboratories Div. of the Armour C 

PLASTIC PIPING Plastic pip 
of the glass reinforced laminated 
type has progre ssed from possibility to 

eality with manufacture on a produc 

tion basis. Initially sponsored by the 
Bureau of Ships, which is interested 
of high-strength, light-weight 
and corrosion resistance, laminated pip 
ing is being made by the Reflin Co. in 
] about up to 6 and 


ing 


because 


diameters from 4 in 
8 inches 
Other types of plastic 


for piping are 


also being used 
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Extruded PV C—-Unplastic d pol 


vinyl chloride is resistant to acid 
alkalis, and solvents; has high imps 
strength; is about one-fourth as he; 
as steel and can be "welded wit 


gas torch. 

Cellulose Acetate Butyrate- Wid 
used in oil and process industries whe 
resistance to ground corrosio 
water is important. Much chea; 
st: I steel 


ylene 


OF si 


Flexible, light 


ol yethy 


wage easy to install. Suitable as; 
replacement for copper or bronze ty 


ing or untreated steel piping— parti: 


larly for carrying water and | 
underground cable, etc. where te 
peratures are below 100 F. 


S Iyrené 
synthetic 


When compounded wi 
rubber or acrylonitrile, 
excellent resistance to such 
chemicals as chlorine, 
impact strength. 

Pheno |- form: aldehyde, Nylon, Vir 
vinylidene Chloride Resins, Furan 
Often used as coatings for all types 
metal piping as protection against 
rosion. (See "New Types of Synthe 
Coatings” ) 


corros 


and very f 





OPTICAL MOLDINGS ... Fort 
past twenty years, plastics have be 
making ste ady inroads into the field 
placing glass in lenses a 
Tod; wy practically all ax 
motive stop lights, many aircraft lam 
ind airport beacons have plastic op 
cal systems 

Primarily responsible for the tren 
the ability, with plastics, to reprodue 
given optical system maintain ng sha 
and accurate control of cmn 






optic 5, 


ibas. 








angles 
tures 
Users report two other advantag 
for plastics-—safety and greater v: 
tility in design Plastics do not bre 
during manufacturing, shipping, 
use, lowering the ultimate cost o! 
product. Military specifications 
call for plastic optical systems in 
application where shell hits might & 
age the equipment and e e p 
nel to broken pieces. Molders can i 
out practically any shape in p 
including relatively deep draws 
The first plastic optical systems * 
used in outdoor applications. T! 
dustry standardized on methy! 
crylate as a molding material prim 
because it has excellent wea 
properties, and does not deter 
under ultraviolet radiatic 
turned out to be a good choice 
wrvlics can be easily injecte: 





















nd the i 


Wd be n 
| other 
Economi 
n. The [ 
ugh to 


oss and i 









































D 


type 


anst 


Synthe 


. Fort 


lave De 


re field 


enses ai 


all aut 
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d a plasticizer, have high 
ngth, afford no color limi 
1 retain their color through 


tions, 

their normal life. 

Mole admit that plastic optical 
s sti: have some limitations, so 
cannot replace glass completely 


rtant is a temperature maxi- 


Acrylic lenses cannot be exposed 


tures in excess of 190 F. In 
is where the design versa- 
f plastics has been needed, this 


s been overcome by inserting a piece 
plain ground glass between the lense 
ad the light source. Such a combina- 


use at Templehof airport 


^ landing strip lights had to sup- 


n not visible from above and 


other directional limitations. 


mics impose a second restric- 
production run must be large 


igh to justify the large initial die 


the expense of the plastics. 


illy for low quality work with a 


num of detail, glass is preferred 


iment and 


the future, molders see plastics 


ning even a larger place in the 


market 


s the 


Most promising devel 
successful molding of 

camera lenses from 
The big advantage here is that 
lenses need no grinding 


ARGE PLASTIC MOLDINGS ... 


ted production, 


five years of experiment and 


| the mushrooming 
s industry is ready to produce 


moldings in unlimited quantities 
gners started hearing about these 


red on the market 
ince industry 
ets. This year molders 


ortions of 


parts in 1948 when a plastic tele- 
cabinet, weighing 35 lb, ap- 
In that year the 
used 10,000 such 
are turn- 
! out at the rate of 160.000 per 
ind weighing up to 60 Ib 

this expansion are two de 
1) new big pre SSCS, and 
make larg: 
the plastic must flow rapidly to 
the 
tons and rapid-flow characteris 
xrted to materials have solved 
em 

is no clear cut definition of 
Idings. Generally molders con 
that a. part qualifies if it fits one 
se criteria: weighs over eight Ib; 
has a land area in excess of 300 
if the molder has to use a 
xcess of 350 ton capacity 
. most successful results have 
tained with thermosetting plas 


nts 


nproved resins. To 


die. Presses up to 


Jat 


particularly the formaldehyde ma 


a 
g 


phenolics. ureas. and mela 
are the oldest and most 
sively used material but their use 

d somewhat by a color limi- 


\. Practically all phenolic moldings 


cs 


uct Engineering 


are either black, 


brown, mottled, or a 
shade of red. Urea and melamine parts 
an be any color but completely trans 
parent; the latter have exceptionally 
good electrical properties 

To shape these materials, the indus 
try has $10,000,000 invested in press 
equipment. This includes compres 
sion presses from 500 to 2,000 tons 
capacity, and injection equipment up 
to 400 oz. 

The limitations on large moldings 
are as follows: 

Size of run. Since parts require an 
expensive die, the cost of which may 
range from $10,000 up to $50,000, the 
production run must be large enough 


to justify the initial die cost, even 
though other savings may be sub- 
stantial 


* Size of part. The factor limiting 
size of part is the size of press avail- 
able. Present capacities impose a weight 
limit of between 50 and 70 lb, and a 
die land area of 7 sq ft with a depth 
of 2 ft 

. Specific applications Plastic mold- 
ed parts should never be used where 
they have to stand severe mechanical 
shock because the materials are some- 
what brittle. And such parts should not 
be exposed to temperatures in excess of 
350 F 

e Choice of materials. Ureas and 
melamines require two-three times the 
molding pressure needed by phenolics 
This imposes a more drastic size limit 
on urea and melamine parts 

On the other hand, large moldings 
have several inherent advantages that 
are difficult to duplicate with metal 

astings or machined 
semblies: 

* Single step production is the most 
potent justification for using plastic 
moldings. Best example: the first 
plastic television cabinet required only 
six production operations, compared to 
525 needed to finish the wooden cabi 
net it replaced. 

e Versatility in design. New heavy 
presses permit deep drawing; moldings 
won't warp; the technique permits 
molding-in inserts to reduce the num 
ber of assembly operations; and plastics 
retain good dimensional stability 

- Appearance. Practically any finish 
r color is available. For special effects 
there are metallizing. polishing 
painting processes 

* Corrosion resistance. The plastics 
lo not corrode; they are resistant to 
most acids, greases, and solvents 

* High stre ngth-weight ratio 

Product appeal. Molders claim that 
the flowing lines of thermosetting plas 
tics parts will appeal to customers. In 
iddition, color is integral to these ma 
terials. Colors go all the way through 
so scratches do not mar surfaces 


or wooden as 


or 
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SHEET PLASTIC . The expand- 
ing use of the vacuum forming process 
for the low cost production ot light 
weight structures from re 
frigerator door liners to industrial duct 
ing forecasts one important fact 
new sheet materials will be introduced 
Neither the which has 
gained much attention in recent years, 
nor the thermoplastic materials with 
which it is concerned are new. During 
World War II, relief maps were pro 
duced from vinyl sheet by the process 
For reasons specific to the application, 
vinyl rigid sheet was selected although 
plastic sheet at that time could be pro- 
duced by calendaring or extrusion from 
cellulose acetate, cellulose acetate 
butyrate, ethyl cellulose, methyl metha- 
crylate, and polyethylene The initial 
applications of the material after World 
War II were in the fields of packaging, 
display and novelties where its non- 
flammability, relative dimensional sta- 
bility, chemical resistance, printing af- 
finity, flexibility, and ease of machin- 
ing were superior to existent materials 
But its cost was relatively high. It 
produced by calendaring, a compara 


tively slow operation, and if a polish is 
d 


ranging 


pre ACESS, 


is 


are need 

Reduced material costs, however, 
were presented in the late 1940's by a 
high impact styrene sheet, a copolymer 
f polystyrene and rubber, whids has 
given the greatest industrial impetus to 
vacuum forming. Its impact resistance, 
izod notched, is 1.5-30.0 as compared 
0.4-0.7 for the vinyl, although its 
tensile strength and water absorption 
properties are not as good. But recently, 
added economy has been given to the 
use of this material by its production in 
extruded form, in widths up to 58 
and with a 
by the extrusion die 
induce the development 
romical eth 

hich has been in the past mainly of an 


required, planishers 


to 


glossy surface im 
This will 


more 


inches, 
parted 
ot eco 
more cient equipment 
ndividual installation nature 

Briefly, the process entails the appli 
ation of heat over sheet areas within 
1 few inches of the surface. The sheet 
s clamped on an inexpensive plaster, 
wood, aluminum, or plastic mold and 
vacuum is drawn rapidly. Cycles are as 
low as 15 seconds per piece. / Applica 
tions for the process already in produc- 


tion or under development—air condi 


tioner housings and grills, automotive 
interior panels, machine parts and 


housings, aircraft instrument panels. As 
the applications expand, the materials 
ilready available may enter the field in 
extruded form. cutting their cost. But 
the process has rcached the stage where 
future developments will not only con- 
ern costs but new improved formula- 
tions in materials to widen their struc- 
tural applications. 


C29 









































ee eae ee 


HOW MUCH WILL CORROSION 


HOW MUCH WILL 


CORROSION 


COST YOU THIS YEAR? 


j 


} | | 
É i B pd | 


CHEMICALS CAN CORRODE METALS IN 12 MONTHS OR LESS. UNPLASTICIZED P. V.C. JUST DOESN'T CORRODI. 


Nel a CE; ... IF YOU SWITCH TO 


UNPLASTICIZED P.V.C. MADE FROM FIRESTONE EXON 402-A 


Unplasticized P.V.C. is a new material of construction that is highly resistant 

to most corrosive elements. In many industrial applications, it has proven to be 
superior—less expensive—than customary metals. Check carefully the advantages of 
Unplasticized P.V.C. Then, for detailed information on how this new material of 
construction can help you in your business, consult Firestone Chemical Sales Division 
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mplements—Pitchers, scoops, 
ürrers fabricated from Unplasti- 
wed P. V.C. made from Exon 
02-A are invaluable in handling 
orrosive materials. They are ex- 
remely light...easy to handle... 
actically eliminate replacement. 


strial Pipe— Naturally, piping 
truded from Unplasticized 
VC. made from Exon 402-A is 
siant to all types of corrosion. 
is extremely light weight in 
mparison to Metal...easier and 
SS expensive to handle. 











CORRODE. 


| 
| 
| 
Ld 


X Liners, Exhaust Systems, 
iar Applications- Highly re- 
int to corrosion, Unplasticized 
VC. made from ExoN 402-A 
ideally suited for tank liners, 
haust systems and a wide variety 
other industrial applications. 


N 402-A 







4 

Fume Ducts, Tank Liners, Similar 
Applications — Unplasticized 
P.V.C. made from Exon 402-A is 
ideal for fume ducts and tank 
liners. It is highly resistant to mois- 
ture, acids, oxygen, sunlight, aging 
and other corrosive elements. 


Storage Tanks-For storage of 
corrosives, tanks fabricated from 
Unplasticized P. V.C. made from 
ExoN 402-A are resistant to cor- 
rosion and weather, virtually elim- 
inating maintenance and replace- 
ment costs. 


Versatility — Unplasticized P.V.C. 
made from ExoN 402-A can be 
welded, sawed, sheared, stamped, 
milled, planed, drilled, embossed, 
rolled, cemented. It is easily 
worked on conventional metal 
and wood working equipment. 





YOUR CUSTOMERS 


*$9*9999929299999249999899999929999929999029995929280289299* 


Hota a 


UNPLASTICIZED P.V.C. MADE FROM FIRESTONE EXON 402-A 


THIS YEAR? 


e o o IF YOU SELL THEM 


America’s leading manufacturers are becoming more 
and more corrosion conscious! And no wonder. Every 
year, corrosion costs industry millions of dollars. 


That’s why Firestone has scheduled an entire series of 
full-page advertisements now appearing in Business 
Week, U.S. News and World Report and Corrosion. 
(Elements from several of these provocative ads have 
been reproduced on these pages. ) 


These advertisements were designed with one thought 
in mind: to suggest Unplasticized P.V.C. to business- 
men as a possible solution to their corrosion prob- 
lems. Results from the first ads in this series indicate 
that they are stimulating wide interest in this new 
material of construction. 


Have you considered ways in which you can adapt 
this new material of construction to products you 
now make or could make with your present produc- 
tion facilities? 





For detailed information on Unplasticized P. V. C. applications... 


e and for advice and consultation on new uses you may discover... call or write: 


CHEMICAL SALES DIVISION 


FIRESTONE PLASTICS CO., POTTSTOWN, PA., DEPT. HPD 
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Millions of tiny glass fibers, smaller than human haur, are collected into 
ligatweieht Super: Fine blankets in rolls up to 72" wide, 200' long, 
it the. Fiber: Glass Division of Libbey Owens: Ford Glass Company. 


Glass blankets remove design 
restrictions of old-typeinsulation 


Product design is no longer re- 
stricted by heavy, space-con- 
suming features of old-type in- 
sulation. 

Now designers streamline 
products for new efficiency, new 
compactness and, at the same 
time, slash production costs by 
using L'O-F Super:Fine, sound 
and thermal insulation. 

L-O-F Super-Fine is superior 
insulation in its resistance to heat 
flow, increases efficiency of heat- 
ing and refrigeration units. The 
same insulating efficiency is often 
obtained with less thickness of 
Super: Fine than with many other 


materials, expanding cubic capac 


itv of units or decreasing over-all 
size. 

The insulation is extremely 
lightweight. One sq. ft. of Super: 
Fine of .75-pound density weighs 
only one ounce. And weight for 
weight, it costs no more than old 
types of insulation. 

Super Fine hasexcellent sound- 
absorbing properties, especially in 
the middle- to high-frequency 
range. Combined with other 
unique qualities, exclusive with 
this inorganic insulation, Super: 
Fine is ideal for countless appli- 
cations. The fine glass fibers will 
not burn, absorb moisture, mil- 


dew or rot. 


FIBER: GLASS 


LIBBEY -OWENS -FORD GLASS COMPANY 


FIBER: GLASS DIVISION 


NEWS ABOU) 
L-O-F 
SUPER: FINE 


L-O-F Super:Fine insulation bene 
fits many products. In automobiles 
Super:Fine is used under hood 
muffles airborne noise in the high 
frequency range. Super’Fine is als 
used in the dash, roof, front quarter 
fire wall, trunk and package tray 
Standard Super’Fine may be used 
for temperature ranges from sub 
zero to 450 F., or higher with 

special binder. 


Space-saving properties of Super 
Fine open up new design possibili 
ties for the refrigeration field. ‘Thin 
ner-wall construction with Super 
Fine means inside cubic capacity oí 
units can be increased, or over-a 
dimensions decreased. 


FREE! Send for free booklet “Possi 
bilities Unlimited.” Tells how Super 
Fine can profit you. Write Fiber 
Glass Division, Libbey-Owens: ford 
Glass Company, 2753 Wayne Bidg 
Toledo 3, Ohio 
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SILICONE FLUIDS 


DOW CORNING 200 FLUIDS are crystal clear, inert liquids, 
notable for thermal stability and for their remarkably flat 
sity-temperature slopes. Available in a range of viscosi- 
from 0.65 to 1,000,000 centistokes, the 0.65 cs fluid has a 
zing point of —123F, a flash point of 30F; viscosity 
les above 100 cs have pour points ranging from —67F to 
VF, flash points above 575F. The higher viscosity fluids 
practically nonvolatile with negligible vapor pressure at 
peratures up to 400F. ^ As damping fluids in delicate 
truments, in dashpots and in heavy duty torsional vibration 
ipers, Dow Corning 200 Fluids give more uniform per- 
nance than any other liquid at temperatures ranging from 
10 to 400F. They are highly resistant to oxidation and to 
ir-breakdown. As lubricants, these fluids are ideal for 
ber bushings and plastic gears; give long, sludge-free service 
ween certain metal combinations at temperatures from —40 
i00F. As liquid dielectrics, their usefulness is indicated 
dielectric strength ranging from 300 to 500 volts/mil; 
ectric constant and power factor that remain relatively 
stant at temperatures from —20 to 200C and at frequencies 
n 10° to 10° cycles. At temperatures up to 200C, volume 
stivity is about 10'* ohm-centimeters. As polishing agents, 
e nonvolatile and weather resistant fluids readily wet and 
ricate most hard surfaces; polish dry with very little 
bing; reduce the adhesion of dirt. As defoamers, they are 
tive at concentrations in the range of 1 to 10 ppm against 
tain nonaqueous systems. As additives in paints and 
uishes about 3 parts in 10,000 prevent floating; 0.1 to 0.2% 
rove gloss and flow-out. Write for booklet 3-201 DC 


A a water repellent treatment for glass and ceramics, 200 
is are applied and cured to form a dry, inert film that is 
le at SOOF. Such silicone surfaces permit complete drainage 
medicinal vials; extend the blood coagulation period in 
isfusion equipment. Write for Silicone Notes 3-202 DC 






f st in silicones 


SIMMONS DOW CORNING CORPORATION * 
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DOW CORNING 510 FLUIDS are available in several viscosity 
grades ranging from 50 to 100,000 cs with freezing points of 
-94 and -76F respectively. They are also very heat-stable 
fluids with relatively flat viscosity-temperature slopes. Uses 
include low temperature damping applications 

Write for Silicone Notes 3-300 DC 


DOW CORNING 550 FLUID, supplied at a viscosity of 100-150cs, 
is used as a high temperature oil bath and as a heat-stable 
lubricant at temperatures ranging from —40 to above 300F. 
Stability is indicated by a flash point of 575F, a volatility of 
less than 3% after 4 hours at SOOF, and freedom from gels 
or gums after 1000 hours at 500F. It is used as a permanent 
lubricant, under light to moderate loads, in such devices as 
instruments and clocks. Dow Corning 550R Fluid contains a 
heat-stable rust inhibitor. Write for Silicone Notes 3-301 DC 


DOW CORNING 710 FLUID is a heat-stable, nonvolatile oil with 
a viscosity of 500 cs; a freezing point of —8F, and a flash point 
of 575F. It can be heated in air at 500F for over 1200 hours 
without gelling; gives long service as a lubricant at temperatures 
from 10 to 500F, under medium to light loads between a fer- 
rous and a nonferrous surface. It is used as a permanent lubri- 
cant for instruments and timing devices, and to lubricate con- 
veyors, driers and machinery exposed to high temperatures, 
high humidity or weathering. Dow Corning 710R contains a heat- 
stable rust inhibitor. Dow Corning 710G contains colloidal 
graphite in suspension. Write for Silicone Notes 3-302 DC 


DOW CORNING 702 and 703 diffusion pump fluids are stable to 
air and moisture at operating temperatures of 175 to 225C. 
Service life is much longer and, in the range of 1 x 10—*mm 
of Hg, pumping speeds are comparable to those of the best 
organic fluids. Dow Corning 703 has created vacua of less 
than 1 x 10-*mm; 702 Fluid produces a somewhat less fine 
vacuum; requires less power; works against higher forepressure. 
Write for Silicone Notes 3-400 DC 
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DOW CORNING 
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SILICONE AbHESIVES 


DOW CORNING 110 


hat prevents 
hment 


tO pac 


SLIPICONE 


DOW CORNING XR-671 RESIN 


SILICONE ADHESIVES 


PRESSURE SENSITIVE SILICONE ADHESIVES 


with exce 


SILICONE RELEASE AGENTS 


DOW CORNING MOLD RELEASE FLUID 


DOW CORNING S 


H 


DOW CORNING 7 EMULSION 


A 


DOW CORNING 8 EMULSION 


plastics. It will 


SILICONE COMPOUNDS 
DOW CORNING 4 COMPOUND 


material 


DOW CORNING SILICONE PRODUC'S 


is a nonmelting, water re 


1 tr ts te X i f f , sty f Mrer X t 
iper and dielectric paste which retains its greaselike consistency afte 


or food exposure to temperatures from 
lls are to oxidation and to deterior 


Power factor is less than 04 


ip to 
at a 10 mil gap. I 
pecification AN-C-] 


onsistency. It is t 


at temperatures up to 400F; 


enition and ele 


parts 


DOW CORNING 5 COMPOUND 

tures from 100 to over 
and resistance to corrosive va 
silver plated switch contacts. li 
) pro- 
almost 
silicone- 
[hey retain 
Adhesive 


DOW CORNING VAiVE SEAL A 


—40F and no true melting 


with hot water, air and mos 
ute and some 
mineral oils. It 


sive materials 


ATION CAUSE 


po 


gene effective in flow meter bear 
valves operating at temperatures from 


0 to 4001 


105 at frequencies up to 


megacycles; volume resistivity, more than 10° ohm-cent 


dielectric strength, more thi 
)ow Corning 4 meets all r 


Sa, except that it has a more 


1 as a moisture-proof dielectr 
al control systems, and f 
equipment 
Write for be 


used to seal, prote 
lustrial leather, | 


onsistency 
Excellent 
nake it a 


With |; lidification point 
point, licone. lubr 
pressure lu 
i0 to 500F and in 


t gases, steam, aqueou SILICC 


CORNING 11 COMPOUND is a heavy consistency 


ct that effectively seals ar 


ire or high vacuum 

It is also used 

with heavier consist 
Relatively « 


medium. 


proves plastic 


emperature 


ind 


1astics; 


itha or 


SILICONE GREASES 
Dow 


1 DOW CORNING SILICONE GREA 


ly used 


I 
pi 
l 


na 


raw oss is only 1.5 pounds after 50 


ontact with a brass catalı 


ened with carbon black an 


m speed factor" 
e thickened with 
a maximum speed 
in the standard 


'eneral utility 


DOW CORNING 41 GREAS 
p Maximum bleed 


hemica 
: Te i nds sd 
veyor bear s, machinery and 


DOW CORNING 33 GREASE 
100 to 350F. Maximun 


) to 


resistant to oxidation. In the Norma-Hoffman bomb test, 


1d l ates Valves 
systems at temperature 

lubricated 
than Dow (¢ 


consistency 


SES are remarkably heat-stal 


press 
Q hours under oxygen at 2101 
yst Dow Corning 41 Gre 


serviceable in antifriction be 


of 75,000. Dow Corning 


lithium soap and servi eable 


factor* of 150,000-200,000 
ht nsistency that has pr 
i mm bore 


from 20 to 45 
im evaporation, 
thly resistant to ox 
ls, it is used to lubricate ove 
pumps handling hot liqui 
tem] 
maximum evap: 
to lubricate 


nes 


€ 
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D mperature extremes and severe outdoor weathering, camer 
( > 


inert and 
slywood and 


DOW CORNING 44 GREASE ; 


reases at I 


instrumer Torque at LOOF is abou 


eful from t0 to 


1 bleed is 5 maximum evaporation, 


It has over ten times the life of organic creases 


temperatures; makes 


possible permanent lubrication of bal 


ings Operating at normal temperatures 


MW 


DOW CORNING STOPCOCK GREASE is a silicone lubricant f 


oratory equipment. It has low vapor pressure; does not har 


mnerarur tro af 
mperatures trom ) 


i 


" 5 
to 406 


)F. lt is resistant to ^ 


emicals including many alkaline and acid reagents. DOW CO 


HIGH VACUUM GREASE is simila 


required for lubricating junc 


r except that it has the cons 
tions in high vacuum s 












































































DOW CORNING SILICONE PRODUCTS 


SIL “ONE WATER REPELLENTS SILICONE BONDING RESINS 


DECE: X EMULSIONS are a group of silicone finishes that can be DOW CORNING 2103 RESIN is supplied as a solution 




















arately or in combination with one another to impart toluene with a visco of 60-125 centipoises at 25( € 
water repellency and handles ranging from a soft to a anic fabrics in the prod f electrica 
rsted-like hand to fabrics woven of such synthetic. fibers ind for bon C Vide C such 
te, Dacron, nylon, Orlon and blends of natural and syn- etals or i. Ty] xh s ss 
rs Fabrics properly treated with DeCetex Emulsions, ral st th of to 40,000 psi; w 
s a ] to 2 silicone pickup based on the weight of the ours oft 0.25 iele strength 1uOUS 
f retain a spray rating of 90-100 after repeated dry cleaning filament cloth of 250 volts mil or more: power factor of 
: ering. In addition to imparting a desirable hand and | megacycle; loss factor of O at 1 megacycle; wet 
ter repellency, these silicone finishes increase resistance resistance of rmx l h f 
ng and abrasion, improve tear strength and crease resistance, heat distortion ( Write for S N DX 
needle temperatures in sewing DeCetex emulsions are 
uted with water and applied from conventional equipment. DOW CORNING 2104 RESIN is supplied as a ( solution an 
lire no after-washing; have no residual odor toluene with a viscosity of iU centipoises at 25¢ It is used as 
U’rite for more information on properties and ava i i bonding agent for hbrous gla th in making mandrel wrapped 
tubing and in the low pressure laminating of both € 





DOW CORNING 1109 is à 50 solvent solution of a silicone water compiex shapes ly] ical low pressure laminates of continuous 





for leather footwear, gloves, sporting and mechanical niamer ed v ve x f 

—Ó It minimizes water absorption and transmission, and 2,0UU t 5,000 psi at 25C and 1 to 15,000 psi at 250¢ 
peret s resistance to chemicals and oils without changing the water absorpuon, 1.0 to | Electrica forms h 
- ung" characteristics of leather. One type of shoe upper dielectric strength of 4VUU volts mil, arc resistance of ) se 

treated with a 15 lution of 1109 required 3133 flexes Write for Sui N 4 DX 


Maeser Dynamic Water Peneti 





ion Machine for first drop to 























rough; another required 10,000 flexes Untreated samples DOW CORNING 2105 RESIN ESES _— eee ee t 
} í é t 109 and 124 flexes Write for Silicone Notes 8-203 DC x e NOONAN COSSEN - — In laboratory test ne 
laminates had a dielectric st: greater | volts per mil 
t ; ter 5000 hours at 250€ t] e f 6 he h 
SILICONE WATER REPELLENTS FOR MASONRY are available from a arter hours at 250C « v1 c he best 
r of formulators. Based on a Dow Corning silicone product, my Sv À s asticity at 
E visible and nonplugging water repellent treatments keep erevate papagay is not enough to limit it se in most appit 
1 j] n" ons where untenance t t S t Sou rtant 
rade masonry walls dry in the rain; minimize efflorescence, cations where — cic |!ogs imj a 
ind spallia Wr á t of subbliers 8-901 EX Supplied as a solt n ir toluene at a v f 5 
centipoises Pr periy «catalyzed se tions Nave 1 heit 
s : 
‘ : sisi f more i vns fae sd oni 
i DOW CORNING XS-1 is a water solu silicone salt that converts on months or more V HA r Silicone N 
Mi re to air and quickly imparts water repellency to a wide 
ete riety of materials including asbestos, brick, clay soils, concrete, 
a. Sai paper and wood. Tests indicate a wide field of usefulness SILICONE ELECTRICAL INSULATING VARNISHES 
il stabilizer. It increases wet strength, accelerates water 


tt, reduces seepage and minimizes road maintenance For DOW CORNING 935 VARNISH is suppli i 5 resin cof 











le, clay cylinders sprayed to 0.1 XS-1 pickup, were still tent in xylene. It dries tack-free in hours at ( ires 
fter 2 weeks of weathering; untreated cylinders were more 20-50 minutes at. 250C under normal tower coating conditions 
crumbled W'rite for Silicone Notes 8-100 DC It is used to coat glass cloth and sleeving and to bond mica-glass 
and other Class H mica products that must remain flexible at 
sili Sa TO RETAIN HIGH SURFACE RESISTIVITY under humid conditions, temperatures down to —S0C. Write for S Notes 10-208 DX 
2: f lass or plastic insulating materials and electronic assem- X | 
| i r ated with a silicone product that air dries DOW CORNING 994 VARNISH is used t at glass Cloth and sieev 





ing, and to bond mica s mbinations ex life is 





| and durably water repellent silicone surface ; i ( C 
3 i 000 r t 250 more than } na at fiai í 
TS Write for Silicone Notes 8-401 DC [UI lOurs at . more han nou a ( Craze lif 


ib exceeds 3000 hours at 250C; 500 hours at 300X ( ed cloth 
g i flexed after 100 days at 275C retained over 65 of its origina 
le in b dielectric strength. Easily applied i Varnish cures in 1-3 hours 
00. Tk SILICONE PROTECTIVE COATING RESINS at 200C. Available at 50°% solids in xylene: viscosity 80-125 cs 





À DOW CORNING 802, 803, 804 and 805 RESINS. Protective finishes "T ex — 
lated with these resins withstand € nuous exposure to DOW CORNING 997 VARNISH superior Class H dipping and 

















5 g & (y) — "n — nne — , 4 1 
t : peratures of 50 L and in mt exposure to temperatures 1n impregnating varnish. Dielectr fe at 200C is 80,000 hi 

ange of 000 A OF The y show excellent gioss retention, compared with 650 hours for ty} il Class B varnish With 
oxida m from «hall and exceptional resistance to moisture, inch electrodes, cured films have electric streneth of 1000 
oven € ion, ultraviolet rays and attack by various chemical fumes. volts mil at 25C: 500-1 volts mil after 1500 hours at 275€ 
jui S e finishes used t tect ovens, stoves, space heaters, or 4500 hours at 250C. Sut 5 resin solids with a v 

l irs a I I 

and other al surfaces exposed to high heat and weathering. cosity of 100 ) centipoise Cornin res rap 
ure 1 ( € 
mora : xd without bubbling; reduces p time for Class H equipment 
""; four silicone resins each have a maximum Gardner color by 50 to 75 "rite lor § Nos ? ) DC 
— f 2. Compatible combinations of these resins can be used to 














e e heat and weather resistant paints with almost any degree DOW CORNING 1089 WIRE VARNISH is used to bond glass serve 

mer hardness and flexibility. Dow Corning 802 Resin is a slow magnet wire Operating at a hottest spot temperature of 180¢ 

ee resin that forms a relatively soft but highly flexible film Available as a 4 sol n cresylic ¿ and x Viscosit 

lerate heating. Dow Corning 803 air dries tack-free and 500-1000 cs. Curing schedule is comparable to that of orgar 

las erizes at moderate baking temperatures to form a hard film wire varnishes Write for S Notes 1 12 De 
"s mited flexibility. Dow Corning 804 cures rapidly to form a 
h ible and mar-resistant film with good moisture resistance DOW CORNING 1360 WIRE ENAMEL is a bare macnet wire en 

^ | Dow Corning 805 c: its the greatest heat stability. Adhesion and that combines good physical properties with high heat stability 

- ity at elevated temperatures are excellent excellent dielectric properties before and after aging. Enameled 
Write for Silicone Notes 7-201. 7-202. 7-203 7.210 DC wire retains 50°C% of its dielectric strength after 1) hours 
‘ temperatures up to 200€ wW for Si! 225 DX 


‘at for | MOD'FIED SILICONE RESINS, including both air-drying and baking 


t har. if are available for use in formulating protective coatings. 


t tovt resins are also cold blended with organic paint vehicles to SILICONE MOLDING COMPOUNDS 


N CO! NING chalking and to improve moisture resistance as well as 

and color retention. Dow Corning resinous intermediate SILICONE MOLDING COMPOUNDS are compression or transfer n C 
ts are also available for copolymerization with alkyd, to make electrical parts with low moisture absorption; good phys 
ine, and other organic resins. cal and dielectric properties after long high temperature service 













IA DOW CORNING SILICONE PRODUC S 














EXPANSIBLE SILICONE RESINS over a wider temperature span than any other rubberlike m 

No visible change or significant loss of physical or dic C 
RIGID FOAMED STRUCTURES that are heat-stable and nonflammable properties have been reported after 5 years of weathering n q 
can be made with silicone resins recently introduced by Dow Florida test station. Gehman flex measurements show a tw tof 
Corning. These resins can be expanded to a density of 8 to 24 13.5 degrees at —130F compared with 5 degrees for other si one 
pounds per cubic foot. Heat distortion is negligible after 20 hours rubber samples at —-76F and 5 degrees for an AMS-3205 o: anic 
at 700F. Potentially useful in such applications as fire walls and rubber at —31F. 
thermal or electrical insulating bodies, these resins are easily foamed 
in place, made up as sandwich structures, or machined with wood LOW COMPRESSION SET SILASTIC shows maximum resista te 
working tools Write for Silicone Notes 7-500 and 7-501 DC permanent deformation under load at high temperatures. At F 


compression set is from 10 to 20% compared with 45 to 85° for 
organic rubber. At 400F compression set is from 40 to 55% 


SILICONE DEFOAMERS 


SILASTIC PASTES are solvent-free materials available in consis 













DOW CORNING ANTIFOAM A. Effective at concentrations of 1 to suitable for spreading, knife coating, calendering or calking 
200 ppm against aqueous and nonaqueous foamers including: cure to form durably resilient solids and coatings with hard: esse 
adhesives; foods and beverages; pulp slurries and paper sizings; ranging from 30 to 95. Physical and dielectric propertie; are 
polishes and waxes; paint, varnish and lacquer; rubber and comparable to those of cured Silastic stocks. Applications i 
synthetic latices; textile colors and finishes; soaps and detergents. the filling of electrical coils, calking terminal outlets; ar } 
Toxicological studies indicate a wide margin of safety under coating of fabrics used to make duct connectors, electrical insulatin 


conditions of use. Antifoam A is dispersible in 2-ethyl tapes, gaskets and diaphragms resistant to heat and to a var 
kerosene, aromatic or chlorinated solvents. hot oils and chemicals. These pastes are also available in solvent 
Write for Silicone Notes 4-400 DC dispersions for dip coating Write for Silastic Facts 9-100 D 




















































DOW CORNING ANTIFOAM AF EMULSION is proving to be effec- SILASTIC AS A DIELECTRIC. Silastic is unique among electrica 
tive in most applications where the usefulness of Dow Corning insulating materials because it has high thermal conductivity 
Antifoam A has been established, but where use of a solvent dis- excellent resistancé to corona and good physical and dielectr 
persion is not desirable. It is easily diluted with water, rapidly properties that remain relatively constant over a wide rar 
lispersible, and effective against a wide variety of foamers in temperatures and frequencies as shown by the following ue 
the food and process industries. Write for Silicone Notes 4-500 DC neasured on cured samples of Silastic 50. 
at 25C at 150€ 
SILASTIC,* the Dow Corning Silicone Rubber Dielectric Constant at 10° cycles 3.07 2 
at 10° cycles 3.09 2.66 
Silastic was the first rubberlike silicone product ever produced in Power Factor at 10° cycles 0.0069 0.0043 
commercial quantities Since its introduction, the technological at 10° cycles 0.0055 0.005 
development of these semi-inorganic rubbers has been very rapid, , . i : 
and most of the major improvements have been introduced by our Cable insulated with Silastic 80 has a dielectric strength of 4) 
Silastic research and development groups volts. mil at 50C and 430 volts/mil at 250C. After more thas 
200 days of immersion in water at 70C, the insulation resistance 
Such rapid development has been due in large measure to a policy cable coated with Silastic 81 was 5000 megohms compared with a 
of working closely with industrial and military project engineers initial value of 10,000 megohms per 1000 feet, capacitance wa 
and with rubber technologists to solve specific problems involving 0.00414 compared with 0.00346 microfarads, percent dissipati 
rubbery properties. This has given us years of experience in factor was 0.10 compared with an initial 0.43. Under severe 
í unding Silastic stocks and pastes to withstand some of the corona test conditions, Silastic insulated cable, wrapped arou 
m severe operating conditions ever imposed on rubberlike own diameter, withstood 10,000 hours compared with less 
materials. Over 70 Silastic stocks and pastes are now produced in 30 minutes for organic rubber insulated cable. 
the largest and most modern silicone rubber plant in the world, : n : 
and new stocks are constantly being developed. SILASTIC R TAPE. Semi-vulcanized Silastic R Tape is used as an 
wrapping for field coils, armature and transformer coils or sole 
SILASTIC 50 AND SILASTIC 80 are general purpose stocks that can operating at temperatures from —70 to 500F. Vulcanization 
be blended and easily fabricated into parts having any durometer Silastic R Tape is completed by heating for a short time to forn 
hardness between 50 and 80. Tensile strength is in the range of a resilient, void free, moisture proof and oil resistant jacket wit 
700 psi; elongation in the order of 200%. Molded samples excellent dielectric properties and high thermal conductivit 
increased only 6 to 10 points in hardness and lost only 3 to 10% Write for Silicone Notes 10-500 D 
tensile strength after 1000 hours at 392F. Volume change after : : d 
70 hours immersion in water at 212F is only 2%. Dielectric SILASTIC PARTS, fabricated by molding, extruding, sheeti: 
strength is 550 volts/mil; at 10" cycles, dielectric constant is 3.07, calendering, are produced by many of the most able rubber com 
power factor 0.002 panies. Typical products include heat and oil resistant gaskets 
seals and diaphragms, mechanical parts, laminates, sponged Silast 
EXTREME TEMPERATURE SILASTIC, with tensile strength in the range parts, Silastic lead wire and cable, spark plug boots, and ele 





} 


of 600 psi and elongation of about 300%, gives longer service insulating tapes. Write for list of Silastic Fabricator 
I s 















* T. M.REG S.PAT.OFF 









first in Your request by code for more information on the products briefly described in this Reference Guide will bring 


you the most recent and comprehensive data available on that product. For information on other Dow 
Corning Silicone Products or for technical assistance, we invite you to call our nearest branch office or w: te to 
Dow Corning Corporation, Midland, Michigan. 


silicones 





DOW CORNING 


CORPORATION ATLANTA CHICAGO 1 CLEVELAND 13 DALLAS 1 DETROIT 7 LOS ANGELES 15 NEW YORK 20 WISHING 
Midland, Michigan 1343 Spring St., N.W. 228 N. LaSalle St. 2215 Terminal Tower 2722 Tayler St. 1900 E. Jefiersen Ave. 1514 S. Hope St. 600 Fifth Avesnes w 


E 














CANADA: Fiberglas Canada Ltd., 50 St. Clair Ave., W., Toronto, Ontario Dow Corning Silicones are c ‘0 ow 


à — á Lind "m through distributors in Austre ia, 5 
Foreign Distributors: ENGLAND: Midland Silicones Ltd., 19 Upper Brook St., London, W. 1 Denmark, Germany, Holland, ‘aly, 4 
FRANCE: St. Gobain, Chauny et Cirey, 1 bis, Place des Saussaies, Paris (8°) Norway, Sweden and Switzer ind. 
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Here’s the quick story back of the above 
views. Shown at right is a cut-away view 
of a multiple-cavity mold. Shown at left 
is a cross-section drawing of a rubber part 
with molded-in metal insert. A lot of prob- 
lems were involved in designing the mold 
to produce the part. But there were other 
problems too. Selecting and compounding 
the right rubber for the purpose. Bonding 
the metal insert to the rubber. Employing 
the most efficient production techniques to 






inis: 
MY NAME 
For quick action, 'phone us at COMPANY ____ 
WILLOUGHBY (OHIO) 2-0500. 
Or use the convenient form at STREET 
the right. 
CITY 


call... OHIO RUBBER” 





when design changes involve RUBBER 


























meet customer's specifications and save 
him money. 


We cite that example as one of almost 
countless rubber parts we have produced 
for American manufacturers in our 60 
years of specialization in the field cf rub- 
ber. Here is a weclth of experience avail- 
able to you in a single, reliable source. 
That's why we say "When Design Changes 
Involve Rubber —CALL OHIO RUBBER". 


THE OHIO RUBBER COMPANY 
A Division of The Eagle-Picher Company 
118 BEN HUR AVE. *» WILLOUGHBY, OHIO 


We are interested in knowing more about your facilities and services in 
connection with our specific problems in rubber. Please have your sale 


engineer in our area see us as soon as possible. 





More developments using 


B. F. Goodrich Chemical -- 


1) Geon polyblend liner helps carton act like a drum! 

2) Rigid Geon vinyl parts resist corrosion in leaf-type, acid filte 
3) Geon-based plastisol coating on tote basket resists corr 
trichlorethylene de-greasing bath 


B. F. Goodrich ¢ mpany does not make 


these product be Geon materia. miy 


IDEAS FOR PRODUCT ENGINEERS! 


E three product successes show hours. The rigid Geon parts are cor B. F. Goodrich Chemical Ci 


how versatile Geon rosion-resistant—cost 66 per cent less Rose Building, Cleveland 15, O 


solve a 


than the replaced metal parts Cable address: Goodchemco. In ( 
ut costs too! 


> 1 1 i E od > t 
Ihe coated tote basket shown is ada: Kitchener, Ontario 


[he Geon vi in de-greasing jet engine com- 
possit le to use hberboard instea I presse r blades in a corrosive trichlor- 


FREE! Fact-packed book on plasti 


and rubber materials. | 2 pages 0! 
metal containers tor packaging lard, ethvlene bath. Formerly, the zinc coat- ful infestos lescriptions 
* " u 1 AL 4 

ous, pharmaceuticals and other prod ing on the basket came off, dulling the dn 

"Eng , : — - i p illustrations. Helpful, auth. 
ucts. Because of Geon, the liner resists eel alloy blades. To get a corrosion- filled with ideas. Send for ve 
oils, grease and mar ical i resistant coating, a plastisol based on ' 
asion-resistant lor-proo Ger 


"n t 


n paste resin. was developed. It 


sealed and flexibl works perfectly — adheres tg —pre- 
temperatures vents the solvent from creeping under 
The leat-typ« ps à Geon material can helį 
has essential pa roduct problem, improve 


l plastic These more saleable I roducts 
pensive alloys whicl select the one best 
to your needs. Write Dept GP 


y corrosion some 


GEON RESINS *« GOOD-RITE PLASTICIZERS . . . the ideal team to make products easier, better and more saleable 


GEON polyviny! materials e  HYCAR American rubber «© GOOD-RITE chemicals and plasticizers « HARMON col 


C34 Product Engineering — 1954 Annual Hendbo 





on plastic 
page 5€ 
tons 
iuthoritat 


rT ye 


aleab!* 


ARMON colo 


val Hondba 


"duc Engineering — 1954 Annual 


How BAKELITE plastics 


TRADE-MARK 


build better products 


this NEW BOOKLET gives you the facts 


k into Bakrrirre's family of plastics right now for 
ew product ideas. Youll find materials engineered 
r scores of uses — materials that provide properties 
the right combinations for hundreds ot jobs. 

Send for a copy of this new S-page booklet. It de 
bes the broadest line of plastics and resins available 
m one source. Illustrations show how these mate- 


and 


ls are being used successtully in scores of new 
ried jobs. 

Then call in your nearest Bakelite Company rep 
entative. He can peint out the best plastic for yow 
eds — tell how it should be used — give expert guid 
ce and technical assistance at every important step. 


obligation. of course. Mail th« coupon today ! 


HERE ARE THE 
BAKELITE PLASTICS AND 
RESINS DESCRIBED 


| 


THIS NEW BOOKLET: 


MOLDING AND EXTRUSION MATERIALS 
Phenolic Plastics * Vinyl Rigid Plastics * Vinyl 
Elastomeric Compounds * Styrene Plostics * Poly- 
ethylene Plastics 

WIRE AND CABLE COVERING 


Polyethylene Wire Covering * Vinyl Wire and Cable 
Insulation 


BONDING RESINS 
Phenolic bonding resins for abrasives, frictional 
elements, ond sand shell molds for foundry castings. 

PROTECTIVE COATING RESINS 
Phenolic, Styrene, and Vinyl Resins for Metal and 
Concrete Coatings * Vinyl Resin Coatings for Paper, 
Foil, Cloth * Vinyl Dispersion Resins * Polyethylene 
Resin Coatings 

LAMINATING PLASTICS 


Phenolic, Polyester and Epoxy Resins for plastic 
laminates. 


RIGID SHEETS 
Vinyl Plastic Rigid Sheets * Vinyl Plastic Rigid Sheets 
for Signs 
FLEXIBLE FILM AND SHEETING 
Vinyl Film and Sheeting * Vinyl Plastic Cast Film 
CALENDERING MATERIALS 
Vinyl Calendering Resins 


tre Company, Dept. SH-69 


i Division of Union Carbide and Carbon Corporat 
st 42nd Street, New York 17, N. Y 
send: me i copy of the L954 Condenset 


resins 


Handbook 


$ BAKELITE 


PLASTICS AND RESINS 


Plast 


A Division of 

Union Carbide and Carbon 
Corporation 

UCE) 
30 E. 42nd Street, New York 17, N.Y. 
In Canada: 

Bokelite Company (Canada) Ltd 

Belleville, Ont 





Where to use [uster-on | You can get 


CHROMATE TYPE € 
CONVERSION COATINGS Zi 


if you aren't a Product 
Engineering subscriber, 
by subscribing now to the 


PUTILITY-15 or UTILITY-25 leading product -design 


for U. S. Government Specifications, such as: ———Á 


ARMY 72-53 


E n for zinc or cadmium Twelve 


AN P32a,etc. informative 


| QQ-416 for cadmium | issues $26 
! &USTER-ON UTILITY-15, -25, -25 AB, -K for of Product Engineering 


Decorative or Protective Finishes, Clear, Iridescent or per year will enable you 
Colored, on Zinc Plate or Zinc-base Die Castings; Ordnance to keep abreast of every- 
Finishing on Zinc and Cadmium plated parts. thing new in your field. 


/LUSTER-ON Cd Special for Every month, this publi- 


one Ea i i E cation delivers the au- 
Brilliant Finish or Exceptional Protection on Cadmium 


É- LUSTER-ON KHAKI DRAB for 


Over 300 hour salt spray before white powder corrosion on 
Zinc Plate, Zinc-base Die Castings, Cadmium Plate; Colored 
Finishes to match other parts, with common acid dyes. 


thoritative editorial cov- 
erage which makes it the 
design - engineer’s pre- 
ferred magazine — by 
making it more helpful 


New LUSTER-ON COBRA for and profitable to read. 


Passivating and Permanently Brightening Copper, Brass 
and Bronze. Prevents Staining and Tarnishing. Over 100 A 
hours Salt Spray before breakdown of Treated Brass Parts. new 


New ZINCROME © PROCESS for HANDBOOK 


Adapting Luster-on Chromate Film for Chrome Plating to every year... 
give Hardness, High Protection, High Lustre, High En- 
durance. 


comes to you as an extra 
supplement to your regu- 


LUSTER-ON METAL PROTECTIVE DIP #10 or #60 for didit 


Golden Protective Finishes on Brass, Copper, Zinc, Cadmium, ditional charge! 
Magnesium 


& 
Luster-on Finishes, used by many of the country’s Use the 


largest metal finishers, have established themselves over subscription 
nine years as a dependable, low-cost treatment for thousands 

of metal items. Complete data sheets and technical service cards eee 

are available without cost or obligation. following pages B32 and 


H32 to start benefiting 


| immediately from the fin- 
THE e est available editorial 
service to you: Product 


CORPORATION Engineering and the an- 


nual HANDBOOK. 
69 Waltham Ave., Springfield 9, Mass. 
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Taylor Vulcanized Fibre and Laminated Plastics 





Want to make something of them? 


Then check through the following list for an idea of the wide 
variety of properties that are available in Taylor materials. 
If one of them can fit into your product, write or call us. Our 
engineers will be glad to work with you in selecting the right 
material for your specific application. 


TAYLOR VULCANIZED FIBRE 


A tough, homogeneous material possessing great 
mechanical strength and high dielectric strength. 
It is low in thermal conductivity, unaffected by 
most solvents and has extremely high resistance 
to wear and abrasion. It is easy and economical 
to machine, punch and form . . . is light in weight 
(about one-half the weight of aluminum). 


Grades: Commercial, Bone, Trunk and Case Fibre, 
Super White, Backer for Drum Sander Abrasive, 
Abrasive Disc Backing, Flexible Fibre and Built-up 
Fibre. 


Colors: Red, Black, Gray and a full range of trunk 
colors. 


TAYLOR INSULATION 


A form of vulcanized fibre which is primarily in- 
tended for electrical applications and others in- 
volving difficult bending or forming operations. 
Taylor Insulation has superior dielectric qualities 
as well as exceptional tearing and bursting strength 
—is made in sheets and rolls. Ribbon rolls are 
available for use in automatic machines. 


TAYLOR PHENOL LAMINATES 


Insulating materials, with low water absorption 
qualities, having high dielectric strength and great 
mechanical strength. Phenol laminates are un- 
affected by normal ranges of heat and cold. They 
will not warp when subjected to alternating wet 
and dry conditions and are resistant to oils and 
most chemicals. They are especially well suited to 
precision machining to close tolerances. Available 
in sheets, tubes, rods and molded-laminated shapes. 
Type fillers: paper; cotton fabric or mat; asbestos 
paper, fabric or mat; glass fabric; Nylon fabric 





write today for your copy of this cata- 
log. It contains a complete description 
of all Taylor materials along with 
valuable design and machining data 
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TAYLOR SILICONE LAMINATES 


For special applications, woven glass fabric is im- 
pregnated with a silicone resin to provide a variety 
of materials that combine high heat resistance with 
excellent electrical and mechanical properties. 
Taylor Silicone Laminates have a low loss factor, 
can withstand temperatures to 500° F., and have 
excellent resistance to many acids. 


TAYLOR MELAMINE LAMINATES 


These laminates have excellent electrical proper- 
ties and great mechanical strength. They have 
good arc, flame and heat resistance as well as 
superior resistance to most common solvents and 
moderate concentrations of alkalies. Available in 
sheets, rods and tubes. 


TAYLOR FABRICATING SERVICE 


The Taylor Fabricated Parts Division is com- 
pletely equipped to handle any type of fabricating 
operation on Taylor Vulcanized Fibre and Lami- 
nated Plastics. Parts can be fabricated to your 
specifications. Delivery is prompt and prices are 
right. 


TAYLOR ENGINEERING SERVICE 


Assists in design and the optimum utilization of 
characteristics inherent in Taylor Laminated Plas 
tics and Vulcanized Fibre. 


Tavlor Fibre Co., Norristown, Pennsylvania — 
layl Fibre € N t P l 
La Verne, California. 


Branch offices in Asheville, Boston, Chicago, Cleve 
land, Dayton, Indianapolis, Los Angeles, Mil- 
waukee, New York City, Philadelphia, Pittsburgh, 
Rochester, St. Louis and Tolland, 
Connecticut. Distributors in Grand 
Prairie and Houston, Texas; Neu 
Orleans and Los Angeles 


TAYLOR 


Laminated Plastics 
Vulcanized Fibre 
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NYLON STA /HEEL, is molded in NYLON ASSEMBLY has excellent 
one piece... simplifies design ... saves bearing characteristics ...low coefficient 
manufacturing steps. of friction. 


NYLON RATCHETS that control NYLON WHEEL is strong, tough, di- 
counter wheels are lightweight...combat mensionally stable . . . may be dyed 
inertia...guarantee accurate operation. for assembly identification. 


YYLON SHAFT LOCK is molded to NYLON CHAN‘ CARRIER 18 vir- 
close tolerances . . . finishing operations tually unbreakable...cuts weight... gives 
are minimized or eliminated. positive action in dispensing coins. 


E Wem So T 
Ais PIETA 

need no lubrica- JYLON SCREWS are resilient... 
tion after installation...operate quietly have *'self-locking" properties . . . hold 


... give long, dependable service. settings over long periods. 


“i 
ee adi 
ER x x n 


YN . NYLON CAM resists wear... is NYLON GENEVA CAMS are strong 
pleasant to the touch keep their strong, will not chip or crack . . . needs in thin sections . . . unaffected by corro- 
no lubrication sion . cut manufacturing costs. 


are smooth, tough... 


newly finished appearance 
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ont nylon plastic 
re collector 


The Grant Electrofarer is a completely 
automatic fare-collection device . . . 
gives drivers an audible count and 
visible check of coin deposits. It can 
receive a single- or multiple-coin fare 
deposited in any combination of up to 
five coins and tokens, record the 
amount, then separate and drop each 
coin into its change carrier. It elimi- 
nates all driver fare handling except 
making change . . . contributes to 
safer, faster service. 

The device incorporates 54 different 
parts of Du Pont nylon plastic. These 
parts (a few are illustrated) show 
how the engineering properties of 
Du Pont nylon can contribute to 
better product performance, often at 
less cost. 

The parts were molded from Du Pont 
nylon by The Danielson Mfg. Co., 
Danielson, Conn., for Grant Money 
Meters Co., Providence, R. I. 


Du Pont nylon parts can be 
economically mass-produced 
by injection molding . . . are 
light in weight ... give better 
performance. Nylon molding 


REG VU. $ Pat off 
BETTER THINGS FOR BETTER LIVING 
~ ++ THROUGH CHEMISTRY 


powders are available in anum- 
ber of compositions, each with 


different properties, for me- 4 e 
chanical, electrical and other Polychemicals 
uses. For information, write: 

E. I. du Pont de Nemours DEPARTMENT 

NYLON GEARS can operate continu- & Co. (Inc.), Polychemicals 


ously to 25°F... me Rally molded ^ Dept, Room 10-H,Du Pont MAU SULOMEMG TT Ie 1K) 
in one operation . . . cut costs. 


Bldg., Wilmington, Delaware. 
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Roth Makes 
Rubber Resist 
500° F. 


Temperature 


The illustration at the left shows 
the heat-resistant seal used in 
coupling the metallic hose that 
carries live steam from car to car 
of America’s passenger trains. 
Fabricated by Roth engineers to 
the exacting specifications of 

the Vapor Heating Corporation, 
more than 500,000 of these 
heat-resistant rubber seals are 
now in service. Since 1923, 

Roth has successfully served 
Vapor Heating Corporation’s 


exacting requirements 


Insuring Your 


PROGRESS 
THROUGH 
RESEARCH 


With industry finding it wise 
and profitable to invest much 
more every year in new product 
development and research, this 
recent Product Engineering report, 
“Insuring Your Progress Through 
Research,” takes on particular 
timeliness and value. 

Eight sections make up the re- 
port, with each section prepared 
by men who are experts in their 
fields. The important aspects of 
establishing and conducting an 
effective research program are 
covered in considerable detail. 
Subjects discussed: 


for molded rubber parts 
Organizing for Industrial Re- 
search 


Obtaining and Keeping Re- 
search Personnel 


FULLFILL 
CONTRACTS 


FASTER 


ROTH RESEARCH BRINGS 
RESULTS WITH RUBBER! 


Policy Matters in Laboratory 
Design 


Choosing and Evaluating Re- 
search Budgets 


Patent Licensing Policy and 
Procedures 


| GET THIS INFORMATIVE 
MANUAL Now - Free! 


mad RE t Independent Research Facili- 
ties 
Mail coupon and learn how Roth Government Research Data 


rescarch and Roth facilities can help you 


in developing bids, improving present Thirty pages 50 cents a copy 


products; or by creating a special formula, 


cut costs, boost output, and 


Write: 


simplify production 


Reader Service Dept. 


Product 
Engineering 


McGraw-Hill Building 
New York 36, N. Y. 


ROTH RVBZBER COMPANY D 


185: 5, 54th Avenue 
Chicago 50 


Ceeeeeeeseeeee 


Custom Manufacturers of 
industrial Rubber Products 
since 1923 
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This i is. 


You'll find many ways it will improve 
your product, reduce its cost! 


can be USED 
. like doth ! 
. instead of rubber 
i fl ui 


STRETCHABLE, PLIABLE, FORMABLE and for jobs where no other material will do! 


Formed — 795» et 


SF Saturated 


Sewn, taped KS E 7 
and imprinted fy f£ Die-Cut 


Glued or 
cemented 


Indented Or «EE 
Embossed SSS 





Basic X-CREPE (like this sheet). 
Versatile, low-cost. Replaces, often 
outperforms expensive materials 
like cloth, rubber, cork. Provides 
desirable bulk without excessive 
weight. 


X-CREPE laminated to itself or to 
cloths, fibers, films or foils to make 
it extra strong, impermeable, mois- 
ture and water-resistant, strong 
when wet. 


Any grade of X-CREPE can be em- 
bossed with thousands of shock-ab- 
sorbing, bulk-imparting ‘‘dimples’’ 
to produce cushion effect. X- 
CREPE's unique stretchability and 
formability make possible this un- 
usual material. 


Write today for your 
Free Cindus Design 


Engineer's 
aout Tr 


CUSHION 


AMT 


USED as edge binding to replace 
felts and fabrics. 

USED as ''plumper" or backing 
material for leather and films. 

. .. AND SCORES OF OTHER APPLICATIONS! 


USED as a go-between for metal- 
to-metal, fabric-to-metal, fabric-to- 
wood, and padding-to-fabric con- 
struction details. 

USED to replace coated fabrics. 
... AND DOZENS OF OTHER APPLICATIONS! 


USED to wrap electronic lamps, 
protect them against shock of 
shipping and handling—reduce 
size of carton. 

USED as an insulation wrap. 


. . . AND MANY OTHER APPLICATIONS! 


@ We make hundreds of grades of X-CREPE. The sheet you see 
here is just one type. Each grade has distinctly different character- 
istics. The CINDUS DESIGN ENGINEER'S PORTFOLIO is your 
personal reference file containing samples of representative grades 
and complete information. Special grades can be tailored to fit 


your needs. 


»«. Your personal reference file with representative samples and complete information. 


CINCINNATI INDUSTRIES INC. 
300 Carthage Avenve 


Cincinnati 15, (Lockland) Ohio 


® X-CREPE is the trademark of Cincinnati Industries Inc. 
for its double-creped products. 





New Uses for Koppers Polystyrene constantly 
are being developed. Almost daily, a new appli- 
cation is originated, tested and found satisfactory. 
The multitude of desirable qualities in Koppers 
Polystyrene make it the choice of many de- 
signers. “Bonus” advantages have dictated the 
selection of Koppers Polystyrene for a wide vari- 
ety of products. 

Light weight, ease of moldability, surface fin- 
ish, chemical resistance, dielectric strength, opa- 
city or transparency, resistance to shock and 
heat, low cost—these are some of the important 
characteristics of Koppers Polystyrene that have 
determined its selection for such applications as 
the following: 

Aircraft and Communications Batteries 
Photographic Equipment e Electronics Components 
Television Components 
Refrigeration and Air Conditioning Equipment 
(parts and accessories) 

Medical Supplies 
(hypodermics, blood transfusion apparatus, etc.) 
Packaging « Housewares 
Wall Tile * Toys 
Lighting Fixtures è Indoor Displays 


OUTSTANDING ADVANTAGES OF KOPPERS POLYSTYRENE 


1. EXCELLENT ELECTRICAL PROPERTIES—highest in di- 
electric strength, lowest dielectric constant, lowest 
power factor of all rigid thermoplastics. 
2. HEAT DISTORTION TEMPERATURE—Typical range 
180°-201°F. 

- ) 3" l 4 3. CHEMICAL RESISTANCE—resists all concentrations of 

Io: é =a most acids and alkalis. 
"T. o to 


g 


TE n i 4. LOW WATER ABSORPTION—practically none in 24 
hours. 


5. FAST MOLDING CYCLE—more pieces per hour, fewer 
rejects, less scrap. 

6. UNLIMITED COLORS — Koppers Polystyrenes are 
made in crystal-clear transparent or in any desired 
color. Color-matching equipment of the latest design 
assures accurate matching of colors. 

7. RELIABLE UNIFORMITY—a unique production proc- 
ess enables Koppers to make polystyrene with un- 
equalled uniformity. Strict control over all raw mate- 
rials and processes is maintained in all plants. 

8. LIGHT WEIGHT- specific gravity range 1.04-1.06 
means more pieces per pound. 

9. HIGH SHOCK RESISTANCE—K oppers Modified Poly- 
styrenes are characterized by increased toughness, 
high shock resistance and high heat distortion tem- 
peratures. A number of modified polystyrenes com- 
bine these properties in varying degrees with smooth 
finish and the other desirable characteristics of poly- 
styrene. 


Koppers Plastics Make Many Products Better and Many Better Products Possible. 


KOPPERS 
ww 


KOPPERS COMPANY, INC., Chemical Division, Dept. PE-113, PITTSBURGH 19, PENNSYLVANIA 
SALES OFFICES: NEW YORK * BOSTON * PHILADELPHIA * CHICAGO * DETROIT * LOS ANGELES 
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Here is the 


PARKER LAME 


metal surface treatments 


that aid production, 


improve product quality, 


enhance appearance 


and durability. 


ip BON (IDERITE 


corrosion resistant paint base 


This well-known product is used to prepare metal 


for fine baked paint finishes on thousands of 


products. Automobiles, trucks, refrigerators, do- 
mestic appliances of all kinds, control boxes, 
metal furniture, office partitions, transformers, 
and toys are à few of the types of products on 
which Bonderite is used. 

Applied by either spray or immersion, Bonder- 
ite creates a nonmetallic phosphate coating over 
the entire surface. This coating is integral with 
the metal surface, forming an effective barrier 
against the penetration of moisture, and furnish- 
ing an excellent base for paint. 

Bonderite produces dependable results of uni- 
formly high quality, is easily controlled and 
economical in operation. It may be used to treat 
steel, aluminum, zinc, and cadmium. 

— adds durability and appearance 
protection to painted metal by combating cor- 
rosion and anchoring the paint securely. 


Mee PARC :0 COMPOUND 


rust resistant 


his is the standard corrosion protection for iron 
and steel. 


Iron and steel parts to be treated are immersed 
in Parco Compound solution, which creates a 
nonmetallic crystalline phosphate coating over 
all the surfaces of the metal. ( complex shapes of 
all sizes from steel boat plates down to nuts, 
bolts and screws are treated with Parco Com- 
pound. Treatment is simple, controls are easily 
maintained, and cost is extremely low. 


ME LL 


BONDERLUBE 


aids in cold forming of metals 


These two Parker products are a big factor in 
accomplishing the present revolution in cold 
forming techniques. Nonmetallic Bonderite, used 
in tube mills for many years to hold lubricant, 
protect dies from excessive wear, and allow greater 
reductions— combines with the amazingly effec- 
tive Bonderlubes to transform proble m draws 
and extrusions into produc tion routine. 

The combination of Bonderite and Bonderlube 
is used extensively in the manufacture of shells 
and cartridge cases, shafts, gears and pins, making 
important savings in time, money, and material. 
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applied by centrifuge, with excellent color and 
appearance and especially good resistance to 


Jgz- PARCO LUBRITE 
\ 


iy wear resistant for friction surfaces 


The nonmetallic phosphate coating created by 
this Parker Product reduces wear on friction 
parts and bearing surfaces. It is used on gears, 
pistons, piston rings, shafts, valves, pinions, 
cylinder linings, cams and other automotive and 
machine components. 

Parts are treated by immersion in Parco Lubrite 
solution. The coating produced by this treatment 
prevents metal-to-metal contact, holds lubricants, 
reduces danger of galling and scratching, pro- 
longs service life by protecting mating parts 
during the critical break-in period. 


í— PARCOLACS 


ter special finishes 


Parcolacs are a group of special finishes to be used 
over Parco Compound. They include wax base 
finishes, stains, and rust preventive oils suitable 
for application by dip, spray, or centrifuge. There 
are types to meet slow or fast drying require- 
ments, and other desired specifications. Parcolacs 
add to the appearance and performance qualities 
of the articles treated. 


NEW! PARCOLAC BLACK AND 
PARCOLAC ALUMINUM 


Two new Parcolac finishes can now be used over 
Parco Compound to enhance appearance and add 
greater corrosion resistance. Parcolac black and 
Parcolac aluminum are phenolic type finishes, 


corrosion. Excellent for parts that will be called 
on to withstand severe exposure and maintain 
good appearance. 


 -———ENDURION 
c 


corrosion resistant treatment in gray 
and olive drab 


Two distinctive immersion treatments designed to 
react chemically with Parco Compound coatings 
to produce superior corrosion resistance. Easily 
controlled, simple to operate, Endurion produces 
uniform coatings which do not materially change 
the dimensions of the parts being treated. Very 
little additional equipment is required. 

Endurion treatments are recommended where 
increased corrosion resistance is specified or 
where the chemically produced permanent colors 
are required. 


por PARCO CLEANERS 


metal cleaners and conditioners 


This line of scientifically formulated metal clean- 
ers includes alkali, acid, and emulsion type 
cleaners. They not only remove grease and soil 
from the metal, but condition it for the next step 
in finishing. The line is complete, and includes 
one that can meet. your production cleaning 
requirements. 


* Bonderite, Bonderlube, Parco, 
Parco Lubrite—Reg. U. S. Pat. Off. 


PARKER 


RUST PROOF COMPANY 


2159 E. MILWAUKEE AVENUE 


Since 
1915 — 
leader in 
the field 


DETROIT 11, MICHIGAN 


PARKER RUST PROOF COMPANY 
2159 E. Milwaukee, Detroit 11, Mich. 


Please send me information on the products | have listed below: 


PARKER PRODUCTS 
MEET GOVERNMENT 
SPECIFICATIONS 


Complete list of Parker Products 
which meet government specifi- 
cations available. Write 
for your copy! 
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ELECTRONIC ANALOG 
COMPUTORS 


1 Gives aid on the design and application of 
* electronic computors of the d-c analog 
type, includ.ng repetitive computors, u ed as 


differential analyzers and equation solvers 


Y Provides a proved method for setting up prob- 
, lems on an electronic analog computor, as 
n us ry $ 0S ersa B well as methods and techniques for designing, 


installing, and operating computors. By 


Granino A. Korn, Staff Engr., Lockheed Air- 
craft Corp., and Theresa M. Korn, formerly 
ro uct Ergr., Boe.ng Aircraft Co. 378 pp., 70 illus. 


$7.00 


AUTOMATIC 
FLOCK FEEDBACK CONTROL 


2. Gives information needed for the de- 

ign and selection of automatic feed- 

/ back control systems. Covers operation of con- 
trols and problems encountered in industry 

Shows functional and constructional require- 


ments of instruments. Covers vervomechan- 
isms, pneumatically operated 
controls, temperature regula- 
tion, speed governing, pres- 
: sure flow, and liquid level. 
E. RUBBER By William H. Ahrendt, 
gode Ci Pres. Ahrendt Instrument 
: Co., and John F. Taplin, Con- 
sulting Eng., Kendall Con- 
/ LEATHER trols Corp, 420 pages, 378 il- 
TEXTILES a lus., $7.50 


KU ee E T 
GRAPHIC AIDS in 
ENGINEERING 
COMPUTATION 


3 Covers graphical and mechanical meth- 
* ods of computation. Treats the standard 
slide rules—the derivation of empirical equa- 
PLASTIC tions from eng neering data—the construc 
tion of nomographs by geometric methods 
and with determinants—the construction of 
special slide rules—and movable scale charts 
Includes recent developments in nomography 
By Randolph P. Hoelscher, Head. Dept. of 
Gen. Engin. Drawing, U. of INi., Joseph N 
Arnold, Assoc. Prof. of Gen. Engin., Purdue 
U., and Stanley H. Pierce, Asst. Dean, Coll 
of Engin., U. of Ill. 197 pages, 115 illus 
$4.50 


P FLORAL 


NOMOGRAPHIC CHARTS 


4. A collection of 92 timesav ng charts 
for simplifying and speeding up engi- 


neering computations. The charts apply to 
The unending variety of uses for Cellusuede Flock mathematics and general engineering, the 


à : á : ó A fields of hydraulics, mechanics, and thermo- 
stirs the imagination of industry’s most progressive dynamics, and electri- 
minds. Cellusuede adds COLOR APPEAL in packag- cal problems. They are 


E : : accurate in the range 
ing, paper, and many other fields ...gives an in- between slide - rule 


triguing RICH TEXTURE to fabrics and teys... computations and ex- 


D —— : r T act numerical compu- 
SILENCES unwanted noises when used as an acous- E | 


tations, and each is 
tical material, everywhere from architecture to followed by an ex- 


ó i ii "m EA i . B I lanatory text. By C. 
aircraft... DAMPENS VIBRATION in radio grills | IL Re p^ 
and phonograph turntables . . . INCREASES- h : pp. $7.00 
STRENGTH when used as a filler in plastics and 
rubber...thousands of uses, and every day de- ud ; 10-DAY FREE TRIAL 
signers, engineers, research and production men are 1 kabana 
finding more applications for Cellusuede Flock. 

McGraw-Hill Book Co.—330 W. 42 St., NYC 36 
Send me book(s) checked below for 10 days' exam- 
ination on approval. In 10 days I will remit for 
bookís) I keep, plus few cents delivery, and return 


unwanted book(s) postpaid (We pay delivery if 
you remit with this coupon—same return privilege. ) 


ENGINEERING SERVICE 


Call on Cellusuede engineers and research men, 
without obligation, for data on how Cellusuede 
Flock may be applied to your job. WRITE FOR NEW 
BULLETIN illustrating profitable uses and applica- 


' 
a 
' 
' 
a 
a 
8 (1. Korn & Korn—Eleetronie Analog—$7.00 
a 9 
' 
es + 
tion methods. ~~ : 
' 
a 
' 
' 
' 
' 
' 
' 
' 
' 


Ahrendt &  Taplin—Automatie Feedback— 
$7.50 


Moelscher, Arnold & Pierce— Graphie Aids— 
$4.50 


i imlar Nomographic Charts—$7 tX 


‘CELLUSUEDE PRODUCTS, INC. 


518 North Madison Street, ROCKFORD, ILLINOIS 


FPE-54 


PRODUCERS OF NATURAL AND SYNTHETIC FLOCK 


This offer applies to U. S. only 
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PRODUCTION? 


The General Tire & Rubber Company has | ». 

invested millions of dollars to provide the pus te ` RUBBER 
most modern laboratories, machinery and PLASTIC 
plant facilities for the development and DESIGN? VIBRATION 
application of rubber, plastic and rein- e SUSPENSIONS 
forced materials to new industrial designs. yam Y 

General's large staff of the world's finest | NX | Mdb 
chemists and engineers is at your service. 

General is ready to help you in the develop- 

ment and design of rubber, plastic and 

metal parts to solve your specific product 


problems. Inquiries invited. No obligation. 


Let GENERAL TIRE help solve your problem-— S 





WABASH, INDIANA 


Q2 «^ o 9 D qp 


ACCURATELY MOLDED RUBBER PARTS 


in any size, shape and type of rubber, hard or soft, 
solid or hollow. 


Pod T. 


EXTRUDED RUBBER AND PLASTIC PARTS 


in any solid or hollow shape. Non-staining, odorless, tasteless 
Refrigerator door gaskets are typical. 


LATHE CUT o Ms DIE CUT 
A RUBBER RUBBER 
PLASTIC ~ 
SHEETS i 
v 


LOGANSPORT, INDIANA . . 


SILENTBLOC MOUNTINGS, BUSHINGS, BEARINGS 


Union of concentric metal cylinders joined by a layer of rubber 
under pressu re for vibration control 


p- GLASS RUN CHANNELS 


Shape themselves to difhcult con 
tours. Cushion window glass against 
breakage and rattling 

Make a weather-proof job 


| METAL STAMPINGS 
fy, Cy PB 09A 
MARION, INDIANA 


gm eme 
a 


GLASS FIBRE REINFORCED PLASTIC 


Exclusive reinforced plastic process makes . 
small quantity of complicated parts and larg« 

sections available at low cost 

nu andare, 04 
pontoons, aircraft parts, housings, € ds »inets Å 
nd any other shapes nis pte pound curves 


LATEX FOAM RUBBER MATTRESS 


RUBBER 
w 


MOLDED 
EXTRUDED 
LATHE CUT 

DIE CUT 


PLASTICS 
w 


EXTRUDED 
SHEETS 


PRODUCTS 


VIBRATION AND 
SHOCK MOUNTS 


e 
AUTOMOTIVE 
GLASS RUN 
CHANNEL 


METAL 
STAMPINGS 


PRODUCTS 


LATEX FOAM 
RUBBER 
e 


GLASS FIBRE 
REINFORCED 
PLASTIC 















eee re in n m 


EP UE UO s E 


and product design problems... 


JEANNETTE, PENNSYLVANIA | PRODUCTS 


PLASTIC FILM 







* 
SPONGE 
RUBBER 






M 


















^ A PLASTIC PLASTIC d e 
d DRAPERIES TABLECLOTHS SPONGE RUBBER 
"E i AUTOMOBILE ATHLETIC 
6 » & ane ( e ARM RESTS GOODS 
oS 
— BALLS FOOTBALLS BASKET BALLS 


yis fein 
kc ce geni. 


AKRON, OHIO 


| TIRES & TUBES 
C l  AIRSPRINGS 
AIRCRAFT WHEELS INFLATABLE 


INDUSTRIAL WHEELS 
AND TIRES AND BRAKES GOODS 
e 


TIRES & TUBES 
x LG INFLATABLE GOODS 


^ (RUBBER RAFTS) CH EMICALS 




















AIRCRAFT 
WHEELS 
& BRAKES 


INDUSTRIAL 
WHEELS AND 
TIRES 


GENERAL AIR SPRINGS 
FOR TRUCKS and TRAILERS 
Ihe General Tire & Rubber Company is a recog- industrial use. The display above illustrates just a 
nized producer of top quality tires for automobiles, few of the many products and services that are avail- 
trucks, airplanes, material handling equipment and able to many industries through General's various 
mobile construction equipment. General is a recog- plants located geographically for your convenience 
nized leader in the development of rubber and We welcome the opportunity to work with you 


plastic materials for automotive, aircraft and general on any design or product development 





WELL-TYPE 
MOUNTINGS 


General Silentbloc 

well-type mountings 

prevent vibration to 

supporting struc- 

tures. They cushion 

sudden shocks. 

Silentbloc rubber 

completely insulates 

the inner sleeve from 

the outer member. 

The engine or machine bolted to the inner 
sleeve floats on tensed rubber that remains 
live, assuring longer life, higher efficiency 
and lower maintenance cost. 


VIBRATION AND 
SHOCK MOUNTS 


* 
VEHICULAR 
SUSPENSIONS 


COUPLINGS 
AIR CLUTCHES 


RUBBER GOODS 
* 
PLASTIC GOODS 
* 
RUBBER AND 
LASTIC MATERIALS 


D$ et P 


BUSHINGS 


Compressed rubber sleeve supports bear- 
ing load and provides oscillatory motion. 
Noiseless, durable, and requires no 
lubrication. 


ROLLING JOINT MOUNTINGS 


Ihe Industrial Rolling Joint Mountings have the 
following features: 

1. Load range 125 to 1500 pound loading. 

2. Rated static deflection 0.240”. 1 i 

3. Unloaded overall height 2.5”. x AH ie c 7 
í. Applicable to all types of industrial machinery. woo nM ae Eu Ae ors 


GENERAL’S DESIGN and RESEARCH FACILITIES 


There are unlimited possibilities available 
in General's Design and Research Facili- 
ties. General Engineers can help you both 
in the design and physical properties of a 
product and can assist in developing it to 
meet specific service requirements. Our 


NEW PRODUCTS DESIGNED & PRODUCED 


HIGHWAY TRAFFIC SIGNS 
(varied colors) 
— À 


| GENERAL AIR SPRINGS 
NO FOR TRUCKS and TRAILERS 


PASSING 


WEATHER RESISTING SCREEN 
MADE OF PLASTIC-COATED 
GLASS YARN 


hia EZTIT 


OL 


B 


TORSIONAL 
RUBBER SPRINGS 
FOR VEHICULAR SUSPENSIONS 


engineering “know how” and wide ex- 
perience has been of invaluable aid to 
manufacturers exploring new fields, and 
in reducing current production costs. 

Feel free to consult us on your product 
and production problems. 


BY GENERAL 


PLASTIC SIGNS 
* 
PLASTIC PIPE 
* 


PLASTIC COATED 
GLASS YARN 
* 


AIR SPRINGS 
* 


TORSIONAL 
RUBBER SPRINGS 


d E: 


METAL PRODUCTS — TO SOLVE YOUR PROBLEMS 


No matter what problem you have regarding metal products, 
you can depend on The General Tire & Rubber Company's 


Industrial Product Divison to assist you. You'll find General's 


engineers ready and anxieus to work with you all the way 


from design to final product. Write, wire or call. 


— 
-—— 
— o 
Ó— à" 
— 
— 
~ 


—— 
-— 
- 
— M 
- 
- 
d 


CUYAHOGA FALLS, OHIO 
Machine and Fabricating Shop 


LOGANSPORT, INDIANA 
Stamping Division 





Q 


TIVOCOL 


A Remarkatle New Finish fe t Aluminum 


Q 


10006501 


Revolutionary nodiying Process 


Q 


MVOCOL 


fó absolutely non-corrosive 


Outmodes and replaces brass, chrome and nickel plating 
Superior finish at an economical cost 

Amazing durability, ruggedness and permanence 
Lustrous, mirror-like, non-tarnishable surface 

Will not rub or wear off 


Available in every color, every shade 


Q 


1098601 


processed aluminum has been tested and approved by leading 
laboratories here and abroad. It is being used 
enthusiastically by some of America's leading manufacturers. 


Q 


MVOCOL 


creates its miracle finish successfully on a tiny screw to a 900 square inch object. 
The process is done in our own laboratories for you. 
We have unlimited facilities for large production. 


Kind out how this frrocess can te adapled lo your needs. Jfiefe 
RIVOCOR 6 BUCKLIN STREET PROVIDENCE, RHODE ISLAND 
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p. 
‘PHENOLITE today and for the 


minated PLASTIC advanced products 


of tomorrow 


| | ODAY, National Vulcanized Fibre, Phenolite, lami- 


-—À 


| nated plastic, and Peerless Insulation reach into all 


industry with thousands of practical applications. You can 


look to them to help create more efficient, economical, 
advanced products of tomorrow because of their unusual 
combinations of qualities. We offer you experimental service 
in our research laboratories and, in addition, National 
Service Engineers will, without obligation, assist you in em- 


ploying National Laminated Plastics to your best advantage. 


| Handbook of helpful information 


for product design and production 


| Handy booklet lists grades of National 

| Laminated Plastics, special 
characteristics and properties. 
Details on heat-resistance, impact 
strength, water resistance, dielectri 
strength, machinability, and forming 
qualities. Write today on yout 
company letterhead for free copy 


f this valuable handbook. 


Fabricated Parts 
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National Vulcanized Fibre, 
" TIONAL 


the first laminated plastic, 


has been used broadly for more 





than séventy-five years in 
many industries. It is a tough, horn-like material 
possessing excellent electrical properties and great 
mechanical strength. It is a converted cotton cellulose, 


which is chemically changed into a new structural form, 

























having high dielectric strength, excellent machinability, Fermed Fibre 
good forming qualities, great resistance to wear and 
abrasion, long life and light weight. Standard colors are 


red, black and gray, available in 15 basic grades. 


\ laminated plastic, bonded 
into its primary forms, 


sheets, rods, and tubes, under 





heat and pressure. It has an 
unusual combination of properties . . . a good electrical 
insulator, great mechanical strength, high resistance 

to moisture; ready machinability; is about one-half 

the weight of aluminum. Standard colors are natural, 


black and chocolate; mirror, semi-gloss and dull finishes. 


he first fish paper- Sales Offic es 


PEERLESS developed for electrical P P Baltimore 7301 York Rd.. 
SULATION s a u^" l'owson 4, Md 
IN insulation and accepted by A Boston 15 19 Deerfield St 









>i Mss à 1 Chicago 12. 2808 W . Lake 
the industry bec ause ipie Cincinnati 2 626 Broadway 
strong. smooth, flexible and has exceller Orming Cleveland 14. 1365 Ontario ^i 
a . A . Äis . Denver 3 1253 Pearl St 
qualities. It is uniform in thick ias high dielectric Detroit 26 1601 Kales Bldg 
r o 2 veles ? )395 $ S 
strength. Made in sheets;folls and coils in all practical n ^n aa oo 
widths and-thtcknesses. New Haven 10... 7 Whitney Ave 
 — New York 7. 30 Church St 


) 


Philadelphia 2 i 
1718 Girard Trust Bldg 





Pittsburgh 12 202 Martin Bldg 

Rochester 11 . 725 Powers Bldg 
NATIONAL VULCANIZED FIBRE CO, 5 rr 

"ez e 3 001 W hitman Ave 

Maryland Ave. and Beech St. Wilmington, Delaware - — 

In Canada 

National Fibre Co. of Canada, Ltd 

Montreal . 1411 Crescent St 

Since 1873 Toronto 107 Atlantic Ave 
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Exceptional qualities of 
“JOHN CRANE” TEFLON 
make it highly desirable for 
a wide range of equipment 
and parts lines. Manufacturers 
of precision equipment and com- 
ponent parts cannot overlook its 
remarkable electrical, thermal, me- 
chanical and anti-corrosive advan- 
tages. Note Teflon’s outstanding 
properties and characteristics. 


| Acheson Colloids Co., 


ELECTRICAL PROPERTIES: 
Power factor less 
than 0.0005 over 
the entire spectrum 
from 60 cycles to 
30,000 megacycles, 
with a dielectric 
constant of be- 
tween 2.00 and 2.05 
* Short-time dielectric strengths from 
1,000 to 2,000 v., per mil in thickness 
of 5-12 mils * High resistance to sur- 
face arc * Volume resistivity greater 
than 1015 ohm-cm * Surface resis- 
tivity drops to only 1013 ohms at 
100 percent relative humidity. 


THERMAL AND 
MECHANICAL PROPERTIES: 
Tensile strength 
1,500 to 2,500 psi. 
at 77 deg. F. * 
Outstanding Durometer hard- 
ernst Cheracterecs eee 656070 o SUR- 
ness 60,000 psi. at 77 deg. E* Friction 
coefficient against polished steel (stat- 
ie) .09 —.12 * Remains flexible down 
to —94* F. Serviceable up to+482°F. 


high dielectric strength 


#DuPont Trode-mork 


for tetraflouro- 
ethylene resin 


ANTI-CORROSIVE 
ll Ba PROPERTIES: 


| | Resists all chemical 
|l ITN liquids and gases 

I—À except molten al- 
kali metals and 
fluorine and chlor- 
ine trifluoride*No detectable changes 
in properties over l-year outdoor 
weather test * Zero water 
absorption. 


- a 


Corrosion resiston 


< sows TYPICAL 
M Pu ~ APPLICATIONS: 
VE 


LR / Q For such applica- 
NO v /£) tions, as vhf, uhf, 


NO or high voltage— 

x high temperature 

Typical Application insulator forms, 

heat-resistant linings, oil and fire- 

wall seals, gaskets, valve discs or 

seats, packings, flexible bellows, dia- 

phragms, slot liners, heat sealer jaws 

and dough rollers. Let our engineers 

fit JOHN CRANE’TEFLON to your 
specific needs. 


“JOHN CRANE” TEFLON parts can be manufactured to your specifications. Investigate now. 
Let vs know your requirements. Send for our 12-page illustrated catalog. 


Crane Packing Company, dept. PE, 1837 Bolleplaine Ave., Chicago 13, III. 


CRANE PACKING COMPANY 


Product Engineering 


protect against corrosive conditions. 
Type 1060 is of the baking or heat- 
hardening type when baked at from 
350 to 400 F. Type 7100 is of the cold 
setting type cured at 60-80 F. 


(O-26) RUBBER-TO-METAI 
PARTS—Acushnet Process Co., Book 
let, Supplement A, 8 pp. The process 
of rubber-to-metal adhesion is discussed 
giving: applications; procedures; de 
sign; compounding; processes; and 
bond strength ratings. Parts are il 
lustrated showing: shock mounts; vi 
bration isolators; shaft seals; valve 
seats; rolls; and pulleys 


(0-27) SILICONE RESIN — Dow 
Corning Corp., Booklet, 6 pp. Has 
tables of physical and electrical prop 
erties measured on silicone laminates 
made with a variety of glass cloth. Also 


| has applications and recommended im 
| pregnating and laminating procedures. 


plus a graph showing the thermal life 
of the silicone laminating resins. 


(O-28) COLLOIDAL GRAPHITE 
Bulletin 435, 6 
. Discusses the use of graphite, when 


| colloidally dispersed in alcohol, naptha, 


water, mineral spirits, or another car- 
rier, as a surface coating. Gives applica 
tion, method of applying surface coat 
ing, and other facts 


(O-29) STOCKED PLASTIC PARTS 
—Dimco-Gray Co. Catalog, 4 pp. Il 
lustrates and describes 36 groups or 
families of stock plastic knobs, handles 
terminal strips, and similar compounds 
Variations possible within each group 
All parts available in a wide variety of 
thermosetting plastics. 


(0-30) COLORED LUCITE AND 
PLEXIGLASS The Ferro Corp 
Booklet, 4 pp. Titled "The Technique 
of Coloring Lucite and Plexiglass" it 
gives the advantages of self-coloring. 
the Ferro colors, and the method of 
using. The only equipment needed is a 
simple drum roll to mix the color and 
ingredients for the acrylic. 


(O-31) CLEAR SYNTHETIC 
EN AMELS—Rinshed-Mason Co. Bul. 
letin, 4 pp. Discusses the rust-chek 
synthetic enamels applied to the chrome 
plate system. Gives specification, bak- 
ing schedule, other procedures, and 
the cleaning cycle for copper-chrome 
plate. 


(O-32) NATURAL RUBBER PROD- 
UCTS—Linatex Corp. of America 
Bulletin L-101, 4 pp. Describes Lina 
tex, a special form of natural rubber 
Produced in sheet form at thicknesses 
of 1/32 in. to 14 in. Completely re 
sistant to moisture, and has good re 
sistance to low temperatures, abrasion, 
corrosion and vibration 
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and Cabinets 


Marine Applications and Many Other Uses 


E di 
EASE OF FABRICATION 








DU PONT 


VITREOUS ENAMEL 


FOR ALUMINUM 


MiG u s Pa 


BETTER THINGS FOR BETTER LIVING 
... THROUGH CHEMISTRY 


Appliance Parts 


now made possible with DU PONT VITREOUS ENAMEL 
Get all the advantages of aluminum— 
in colors that help your product sell better 


The remarkable properties of Du Pont vitreous enamel for aluminum 
permit a new, wider use of lightweight aluminum alloys. This outstanding 
protective finish enables you to take advantage of aluminum's desirable 
features in a variety of structural and decorative applications. And 
Du Pont vitreous enamel adds a wide color appeal to your household and 
industrial products— gives them another important sales advantage. 


Vitreous enameled aluminum can be sheared, sawed, drilled and punched 
without damage to the coating. Costly prefabrication is eliminated because 
standard size enameled sheets can be cut to size on the job. 


Almost unlimited range of colors and degrees of surface gloss available . . . can 
be produced in multi-color effects by masking, spray or screen stencil processes. 


Du Pont vitreous enamel for aluminum is lightfast . . . displays excellent re 
sistance to corrosion, abrasion, thermal shock, impact and flexing . . . has a 
high dielectric strength. 


A standard thickness coating of vitreous enamel increases the rigidity of sheet 
aluminum as much as 60%! 


Vitreous enamel is readily applied by ordinary enameling and firing procedures 


FOR MORE INFORMATION SEND FOR 
YOUR FREE COPY OF THIS BOOKLET 


Vitreous enamel for aluminum is fully described in this 
free booklet—just fill out and send in the coupon below. 





E. I. du Pont de Nemours & Co. (Inc.) PEH 
Electrochemicals Department, Wilmington 98, Delaware 


Please send me a free copy of your booklet on Du Pont Vitreous Enamel for 
Aluminum. I am interested in enameling the following types of work 








——————————————-- 


Nam« Position 
Firn m 

Address : on - umi = 

City im State. 
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EXTRUDED 
SHEETS 


For better quality end products, 
use Midwest extruded sheeting 

uniformly high in dimen- 
sional stability easily 
worked and formed. 


Cellulose acetate, high im- 
pact polystyrene other ther- 
moplastic materials extruded 
precisely to your specifications 
Available in clear and colored 
transparents, translucents and 
opaques. Also tubes and shapes 


Test our modernengineering and 
manufacturing methods. Let 
us prove to you that there are 
two types of extruded thermo- 
plastics Midwest... and 
All the Rest. 


forced sheet is a Tenite 


@ Advertising displays and signs 
@ Automotive products and parts 
@ Aircraft engines and parts 
@ Premiums, toys and novelties 
@ Boats and marine equipment 


@ Refrigeration and appliances 


@ Radio and television equipment 


This rich looking, rein- 


FOR BETTER 
QUALITY END PRODUCTS 


extrusion by Midwest 


SEND FOR ILLUSTRATED BROCHURE AND PRICES 


MIDWEST PLASTIC PRODUCTS COMPANY 


1801 CHICAGO ROAD, 


AUBURN BUTTON WORKS 


NCORPORATED 


PLASTIC PARTS PROPERLY 
PRODUCED SINCE 1876 


Our Diversified Facilities Include: 


Compression, transfer and high speed 
plunger presses up to 500 tons capacity 


Extrusion machines up to 4/2” screw size 
Automatic rotary presses for small parts 
Injection machines up to 22 oz. capacity 
Thermoplastic sheets up to 40” wide 

Vacuum forming for sheets up to .125” 


Tool and die shop * Engineering services 


MAIN OFFICE AND FACTORIES 


AUBURN, NEW YORK 


SALES REPRESENTATIVES CONVENIENTLY LOCATED 


CHICAGO 


ABLARARTEALASR LARA. 


REYNOLDS ALUMINUM HANDBOOKS 
on 


DESIGN and FABRICATION 


ALUMINUM DATA BOOK 
Discusses the physical 
chemical and metallurgi 


DESIGNING WITH ALU 
MINUM EXTRUSIONS 
explains the basic princi 
cal factors of aluminum ples for using extruded 
as they affect design aluminum shapes most 
and fabrication effectively 


e 
FREE: Single copies of 


these and other valuable hand- 
books ore free when requested 
on business letterhead. Other- 
wise the price of each book is 
one dollar. 
For a complete listing of hand- 
f books in the Reynolds Library on 
ALUMINUM STRUCTURAL Aluminum Design and Fabrica 
DESIGN Shows how to tion, see Reynolds green insert 
Section B. 
with aluminum or convert 


present designs to a REYNOLDS METALS COMPANY 
minum 2598 S. Third St., Lovisville 1, Ky 


quim 


REYNOLDS S ALUMINUM 


sign original structures 


MODERN DESIGN HAS ALUMINUM IN MIND 
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Revolutionary new shock 
and vibration isolators 





TIC 


SILICONE $ 
HUBBER B. COHRLASTIC rub- 


~ ber is synthesized 
FA Il! from silicon . . . 
the major constitu- 

ent of sand . . . by 

a complex process 


I temperatures ; involving molecular 


engineering. For high 










COHRLASTIC 
NON-LINEAR 


MOUNTS 


This new mount is based on the 
principle of non-linearity with a de- 
creasing slope of the load deflec- 
tion curve. There is no loafing dur- 
ing the early loading stages. 











COHRlastic non-linear mounts com- 
bine in a single unit, features that 
normally require two or more of 
the existing units. 


serviceability, and 


hon r their special virtues, 
i Fiberglas and Orlon are 
Bw ) used for reinforce- 


ments. COHRLASTIC fab- 






rics come in rolls 36" 


f B, wide and various thick- 
: nesses. They are highly 

^ resistant to extreme tem- 

ve " peratures, have a low 


compression set and high 
A F; dielectric strength. They 
D withstand hot oil, hot 
f; 7 ashes, coolants, mild acids 
rj mild alkalies, gases, infra 


W. red rays. Use COHRLASTIC 
fabrics for better gaskets, 
diaphragms, bellows, boiler 


sealing, expansion joints, fire 
curtains, oven conveyor belts, 
refrigerator door seals, duct 
work. 


Suggested Applications: 



















1. Transporting jet and radial air- 
craft engines. 


2. Electronic equipment. 


3. Shock mounts under heavy ma- 
chinery. 


4. Instrument mounts. 





5. Transporting guided missiles. 


o 


Trailer truck helper springs. 


Correspondence invited. 


Catalog on request. 4 i 


Data sheets and sample 
swatches on request. 


FIRST IN SILICONE RUBBER FABRICATION 
COHR LasrIC 
9pm CT OF TWME | iC € PRODUCT OF THE 


„HARD RUBBER. COMPANY 
«e ww. * VP UAVEN, CONE: HARD RUBBER COMPANY 














First in silicone rubber fabrication. 
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(O-33) MOLDED NYLON PLAS- 
TICS—General Electric Co. Bulletin 
CDP-654, 4 pp. Suggests mechanical 
applications and design possibilities 
Describes strength, light weight, self 
lubrication and other advantages 
Tables give mechanical, thermal, elec 
trical, and other properties indicating 
long service !ife inherent to these 
plastics 


(O-34) CORROSION RESISTANT 
EQUIPMENT —The American Agile 
Corp. Bulletin, 4 pp. Contains general 
information of agilide (unplasticized 
polyvinyl chloride) corrosion resistant 
equipment and products. Used in pipe 
installation, containers and tanks, 
valves, exhaust hoods, and other parts 
Has complete physical properties of 
these thermoplastic materials for struc 
tural applications 


(O-35) PLASTIC PIPE—Linehan & 
Co. Bulletin, 4 pp. Specifications for 
plastic pipe for use in the oil, gas, and 
chemical industries, and for fresh or 
salt water systems. Lists advantages, 
and has graph showing flow rate, and 
pressure/temperature capacity Sizes of 
pipe dependent upon application, range 
from 1 to 4 inches 


(O-36) GLASS MICRO-FIBERS 
Glass Fibers Inc. Booklet, 4 pp. Dis 
cusses the manufacture, use and prop 


erties of glass fibers so small that they 

THHBUUHUUHHHHHHUHTTHE have diameter less than the shortest 
cH ui Hilf, acs 

4 wave length of visible light. Physical 


chemical. and electrical properties 
given 


ACUSHNET specializes in “precision” molded rubber parts (O-37) TANK LINING—Metalweld 
Inc. Bulletin K, 4 pp. Discusses, illus 
trates and gives data on the application 
of flexible koroseal to plating, tanks 
racks, and vats. Materials handled in 
: ` roaches . clude acid, bleaches, caustic, plating 
ante S CONG esc) to. eld problem, with solutions, and many organics. Is eadily 
notably successful results. By ingenious mold designing ond skillful applied in thicknesses up to 3/32 in 
and possessing a high degree of chemi 
compounding, yesterday's skepticism of rubber for certain uses has cal resistance to corrosive chemicals 
does not absorb liquids handled 


(O-38) VINYL COATING-—United 
applications in countless vital assemblies. Chromium Inc. Bulletin RC-2, 2 pp 


Describes properties and uses of uni 
Canh em euim e yep asp chrome coating 218X, a vinyl plastisol 


cision molded rubber job. In the meontime, material which can be applied eco 
send for a copy of the “Acushnet Rubber nomically by dipping and is suitable for 


Handbook”, o comprehensive rubber dota coating, plating and conveyor racks 
PROCESS COMPANY tr aidli oii degreasing and dipping baskets, duct 
work, tank grids, tanks and drums 


and piping 


(O-39) ELECTROPLATED RODI 
UM—tTechnic Inc. Data Sheet, 1 pp 
Gives data on a method for electro 
plating rhodium to thicknesses up to 
0.001 inch. Gives physical properties 
electrical properties; corrosion resist 
ance; hardness; electroplating specifica 


Address all communications to 768A Belleville Ave., New Bedford, Mass. ^ ions; thickness requirements: and all 


applications 


custom-engineered to specific requirements. 


Utilizing the most modern techniques, our Engineering Staff 


changed to complete confidence in this versatile material as ideal for 
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HOW TO OPEN THE DOOR 
TO PRODUCTION ECONOMY 


i || New design approach 


JS 








( 
l . 
or 
id | + . . 
Of | 
" } 
i 
id i 
of 
ge 
^ fresh approach to cost reduction, reported in a 
new Monsanto management study, lies in design- 
is ing tor production economy — with plastics. Thanks 
P to this new trend in design thinking, manufacturers 
c) in many product fields are now cutting production 
est i " 
il costs by as much as 50 per cent. 
m" Faster cycles . . . elimination of machining, 
painting, assembly and other finishing operations 
1 
Id made possible by plastics — are now prime con- 
us i 
i siderations right at the conception of the product. 
on * 
ks For the full story of how manufacturers are cut- 
" ting costs with the new approach to design prob- 
ng , 
ily lems, send for your free copy of Monsanto’s new 
| i , 
n i management report. Just use the coupon below. PR y 
t Lao 
al Also—if you would like individual assistance with Fro WW 
als 
your materials problem, call on the Monsanto 
ed [echnical Council — a board of experts in plastics, 
ec 
Dp who will be glad to advise you on any questions 
ni related to plastics. to FREE—Send for your product 
sol b 


co . design report today. 


E Product Design | Mail the coupon below. 






| 
ict | 
ms . . . E . ^ . ^ ^ . ^ . . . B ^ t 
MONSANTO CHEMICAI OMPANY 
f S " Plast Div n, Room H, Si M e 
DI . Please send me your report on the new appr . 
PP pow 
: BOW = | 
to s 
^ > Compan . 
ICs 
sist ^ Address . 
ica 
all R . € t Zone, Sta ^ 
SERVING INDUSTRY. WHICH SERVES MANKIND of. i ae a el ‘me oA a ee! cen oe es oe dh) 
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PROTECTION! Iridite blocks corrosion by sealing off the 
metal from contact with vapor, moisture or other corro- 
sive elements; retards galvanic corrosion by blocking 
metal to metal contact. And Iridite holds paint firmly, 
prevents underfilm corrosion or corrosion from moisture 
penetration through the paint film. 


DECORATION! Iridite is available in a variety of basic and 
dyed colors, including sparkling bright coatings, for deco- 
rative final finishing. Colors are also useful for parts 
identification. Here's how you can use Iridite: 


AND CADMIUM you can get highly corrosion resistant 
finishes to meet any military or civilian specifica- 
tions and ranging in appearance from olive drab 
through sparkling bright and dyed colors. 


Iridite brightens copper, keeps it tarnish-free; also 
lets you drastically cut the cost of copper-chrome 
plating by reducing the need for buffing. 


Iridite gives you a choice of natural aluminum, a 
golden yellow or dye colored finishes. No special 
racks. No high temperatures. No long immersion. 
Process in bulk. 


GNESIUM Iridite provides a highly protective film in deepen- 
ing shades of brown. No boiling, elaborate cleaning 
or long immersions. 


AND IRIDITE IS EASY TO APPLY. Goes on at room temperature by dip, brush or 
spray. No electrolysis. No special equipment. No exhausts. No specially trained 
operators. Single dip for basic coatings. Double dip for dye colors. The protective 
Iridite coating is not a superimposed film, cannot flake, chip or peel. 


WANT TO KNOW MORE? We'll gladly treat samples or send you complete data. Write 
direct or call in your Iridite Field Engineer. He's listed under “Plating Supplies” in your 
classified telephone book. 


Auueo Researcn Prooucts 


INCORPORATED 
4004-06 E. MONUMENT STREET * BALTIMORE 5, MD 


Catalogs 


and 
Bulletins 


Request additional information using 
postcards following page 24 


(O-1) MECHANICAL RUBBER 
GOODS—Lavelle Rubber Co. Catalog 
MS52, 60 pp. Covers polymer charac- 
teristics and recommendations; molded 
goods; extruded goods; lathe cut goods; 
sheet stocks and die-cut goods; special- 
ties; and mat and matting. Methods 
and design, standard and custom mold- 
ed parts are discussed. Has large illus- 
trations, engineering drawings, spec ifi- 
cations, and a list of compounds used 


(O-2) THERMOPLASTIC EXTRU 
SIONS-—Anchor Plastics Co. Booklet, 
i4 pp. Discusses forms and shapes of 
extruded plastics and a general sum 
mary as to how thermoplastics may be 
used by industry. A properties chart 
is also included 


(0-3) SILICONES Dow-Corning 
Corp., Booklet 2003, 32 pp. Describes 
the 200 Fluid, a plain straight chain 
polymer, which is a bland clear oil 
having the advantage of retaining the 
same properties over a wide tempera- 
ture span. It can be used as a defoamer 
and a polish ingredient, a release agent 
and a dielectric, a damping medium 
and a paint additive. Over 20 different 
properties from boiling point to sound 
transmission are discussed and illus- 
trated. References are given, and a 
blending chart for intermediate viscosi- 
ties is included. Many industrial appli- 
cations are pictured and des ribed 


(O-4) HONEYCOMB STRUC- 
TURES--Douglas Aircraft Co., Cata 
log, 28 pp. Describes Aircomb, a 
honeycomb structure of paper impreg 
nated with a phenolic type resin for 
strength. Shows manufacture, rigidity 
weight ratio; insulating properties; 
illustrations of uses; engineering data; 
and comparative properties. Has many 
graphs giving characteristics 


(O-5) EXTENDING METAL LIFE 

Solar Aircraft Co. Booklet, 25 pp 
Tells how industry can conserve stra- 
tegic materials and extend the life of 
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MYCALEX is the only ceramoplastie 


glass-bonded mica 


MYCALEX glass-bonded mica can be molded or MACHINED PRODUCTS MOLDED PRODUCTS 
machined like a plastic, but with greater precision, 

greater dimensional stability, more complex insert RADAR - 
inclusions, and higher temperature endurance than — x 
any plastic. Mycalex glass-bonded mica has ceramic T 
rigidity, much of ceramic temperature endurance, i 
plus more dimensional precision and stability than 
any ceramic. Having the best features of both 





RELAY 
ceramics and plastics plus some special ones of its MOUNTING 
own, Mycalex glass-bonded mica is the only ceramo- PLATE 


plastic. » 


Xo 











PROPERTIES TERMINAL eaae 


INSULATOR HOLDER 














è Con be machined ground or alloys. Holds inserts tight over 


apped to as close tolerances wide temperature ranges TUBE SOCKETS BY SWITCHES, COMMUTATOR 
as any metal * Unaffected by humidity. MYCALEX TUBE PLATES BY MYCALEX 
O er * Impervious to water, oil, SOCKET CORPORATION ELECTRONICS CORPORATION 


dimensional tolerances than ' 
organic solvents 






ele x 


è Can be molded to cl 

















a 


any ceramic or plastic 


i * High temperature endurance 
è Persistent dimensiono! stability 


Free from warpage, cold flow * High thermal shock endurance 


or age distortion 
€ Dimensional stability persists Es 


è inserts can be molded into despite cycles of h gh and low 


molded grades, cemented into temperature 





machined holes in machined 


è Electrically stable.Does not 
grades 


ose its properties 
© Metal parts can be cemented 


. slectrice 5 $ tor 
onto all grades. One Mycalex Low electrical loss factor. 





I be 
glass-bonded mica part can be * High dielectric strength 


cemented to another 


* High arcresistance. Cannot f 


è Hasne the same coefficient f - 
as arly same coe c carbonize 
of thermal expansion as the 


rt è Radiation Resistant. =Y 












st commonly used inse 





mo 


















THERE ARE DIFFERENT 


r a N 3 
f l Ta 





word 


£3 Ea 















Operating temper Moldable but not Operating temper 


ature limit 900°F 


synthetic mica 


Operating temper 
ature limit 650 °F 


Operating temper Machinable ge 
ature limit 1000 era )pa 


F., synthetic mica ectr 





readily machin- ature limit 700 F., 




















natural mica, mold able genesal cap- natural mica, read 





able with or with moldable with or acitor dielectric ily machinable, not readily machin nd sted by K 





















outinserts, low without inserts, low with dielectric con moldable nserts able, not mold ymber such 












machinability machinability stant indicated by must be cemented 








KM number such as 


10, 20, 30 or 40 


| 
| 
able, inserts mus! 15 or 20 | 
be cemented in | 






a 


MACHINING BOOKLET AND CATALOG 
Our Engineers Handbook & Catalog tells the whole 
WRITE FOR FREE LITERATURE story and is yours for the asking. And if you want 
to machine Mycalex then ask for the free booklet 
"From One Machinist To Another 


MYCALEX CORPORATION of AMERICA 


MYCALEX 


GENERAL OFFICES AND PLANT 












World's largest manufacturer of glass-bonded mica products. Owners of Patents and Trade-Marks 








EXECUTIVE OFFICES: 30 Rockefeller Plaza, New York 20, N.Y 





123A Clifton Boulevard, Clifton, NJ 
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The 
rubber ball 
that 


wouldn't 


bounce... 


There's more to rubber than 
bounce! Rubber parts, therefore 
must be specifically engineered 
to meet the requirements of 
their intended applications 

In addition to elasticity, many 
special properties are essential 
for dependable performance 
These include resistance to 
extreme temperatures or 
weather conditions, the ability 
to withstand oils and other 
petroleum derivatives, resistance 
to various chemicals, and long 
life despite abrasive actions 
encountered in many 


applications 


STALWART RUBBER specialists 
can fabricate custom shapes 
from stocks compounded to meet 
specific job requirements. These 
shapes can be molded, extruded 
die-cut, lathe-cut or mandrel-built 
to meet individual, S.A.E. or 
A.S.T.M. specifications. 


TALWART RUBBER COMPANY 


200 Northfield Road 


Bedford, Ohio 


metals used at high temperatures 
through the use of ceramic coatings 
Gives design features, properties, ex 
amples and illustrations of use in air 
craft and industrial applications. 


(0-6) SILICONE RUBBER—Gener 
al Electric Co., Bulletin CDS-3, 24 pp 
Called, ‘Imagineering with Silicone 
Rubber,” it includes information on 
properties, application, classes, and de 
sign specifications. Discusses advan 
tages of resistance to temperature, 
release from sticking, inertness, and 
unusual surface properties. Has many 
illustrations, and curves. 


(O-7) PRACTICAL NICKEL PLAT 
ING—The International Nickel Co 
Inc., Bulletin, 44 pp With over 40 
illustrations, it provides the designer 
specifying engineer, and user with 
basic information on electroplating and 
detailed information on nickel plating 
I 


and its practices. Other facts on plat 


ing also given 


O-8) FLEXIBLE CORD —Whitne 
Blake Co., Bulletin FC-52, 24 py 
Includes all of the new Underwriters 
classifications for flexible cords made by 
this company. Features data on Dyna 
prene and rubber jacketed cords, and 
braid covered types. Also information 
on cord selection, and technical dat 
on wire ind cable 


(O-9) ELECTRICAL INSULATING 
VARNISHES Insulation Manufac 
turers Corp., Catalog, 20 pp. Gives 
helpful information on varnish selec 
tion and use, plus varnish composition, 
types, functions, colors, processing and 
care. Data on solvents is also included 
as well as detailed description of ele: 
trical insulating varnishes for all types 
of applications 


(O-10) INDUSTRIAL INSULA 
TION Baldwin-Hill Co., Catalog 
|-1, 20 pp. Data on insulating materi 
ils covering the temperature range 
from — 150 F to 1,800 F. Has thermal 

conductivity graphs, and heat loss 
harts, plus applications, sizes, packag 


ng, and densities 


(O-11) INJECTION MOLDED 
RUBBER Minnesota Rubber and 


Gasket Co.. Booklet. 20 pp Discusses 
J; Cn 


1] 
Wing OF al 


tion mol | typ s o0 
the characterist 
ind O-rings for 


to 3,000 psi Als 


(0-12) NEOLYN RESINS—H 


s Powder Co., Bookl 18 pp. Gives 


tical applicat on data and startir 


| € im 
formulations for the us of neoly: 


resins in adhesives, plastics, and orgai 
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Investigate 


STAR Custom Porcelain Specialties 


THERMOLAIN 


A high grade refractory porcelain 
with excellent mechanical strength 
and heat shock resistance. For 
electric ranges, broilers, air heaters, 
rheostats, radiants, immersion heat- 
ers and furnaces. 


VITROLAIN 


Strong, dense, low porosity porce- 
lain with superior dielectric and 
mechanical strength. Especially 
adapted to radio, telephone, rail- 
road signal and similar applications. 


LAVOLAIN 


Steatite—strong, dense, heat resist- 
ant insulation with exceptional me- 
chanical strength and thermal shock 
resistance. Excellent for small parts; 
widely used in heating devices. 
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for applications requiring 
Resistance to 


ELECTRICITY 
HIGH TEMPERATURES 
THERMAL SHOCK 
MOISTURE 
CHEMICALS or 

e WEATHERING AGENTS 


For complete information—design help, 
engineering data with electrical and me- 
chanical properties, production facilities 
and availability—write direct to 


PORCELAIN COMPANY 


35 Muirhead Avenue «+ Trenton 9, N. J. 


Makers of Electrical Porcelain Since 1899 


STAR INSULATING BEADS 


Ball and socket type for insulating 
bare wire. Heat resistant . . . high 
dielectric strength ... low cost... 
quickly applied. 13 stock sizes. 
Shown here approximately half ac- 
tual size. Send for samples. 


Handbook 


No. 921 INSULATION 


Hard stoneware type ceramic with 
outstanding thermal and electrical 
properties. Recommended for mold 
ing difficult shapes that must with 
stand severe mechanical strain or 
heat shock. 


HUMIDOLAIN 


Highly porous, special clay body 
Widely used in the manufacture of 
deodorizers, humidifiers, air condi- 
tioning equipment and other appli- 
cations involving the gradual re- 
lease of evaporation of absorbed 
liquids and perfumes. 


NU BLAC 


Same good dielectric and mechani- 
cal strength offered by STAR Com- 
mercial White with added advan- 
tage of non-soiling in assembly. 
Used for many types of wiring de- 
vices and is adaptable to practically 
all molded electrical insulator 


shapes. 
Cai 





Industrial Form-Dipped Rub- 
ber Products and Coated 
Metal Parts 


Pasic EXTRUSIONS 


can be used in your product too! We have just published 
a 12 page brochure containing 36 illustrated examples that 
demonstrate how various industries use thermo-plastic 
extrasions in their products 


You car 


other shapes may be used in your products or processes. 


vet ideas of how custom-made rods, tubes and 


The brochure also contains full information on plastic 


materíals, specifications and property tables 
You will find this brochure informative and profit- 


able. Write for your free copy of “EXTRUDED 
PLASTICS” o 


coupon ar d attach to your 


PLEASE SEND A COPY 
EXTRUDED PLASTICS 


~D i iii 
/ PLEASE CLIP TO Y R LETTERHEAD 


/ 


TITLE 


ANCHOR PLASTICS 


COMPANY INC. 


M) arn 
e 


We specialize in applying rubber and rubber-like 


materials to stampings, wire forms and other metal 
parts. 


We also produce rubber products by our form-dipped 
process such as Rubber Convoluted Boots, Accordion- 
type Seals, Boots and Sleeves for Ma- 


chinery, Bellows, Tubing, Covers, Sacs, 


Grommets, Caps and Bulbs as pictured 
above. 


Write for Free Brochure which illustrates 
representative items in these lines. 


COMPANY 
17220 Conant Road, Detroit 12, Michigan 


Need specialty molding of 
PLASTICS & ELASTOMERS? 


Bacon Industries specializes in 

the following types of work: 

Molding O-Rings, Gaskets and Other 

Small Parts ... Specially Compounded 

Stocks ... Plastic and Rubber Prototypes 
. Special Impregnating Varnishes 


and Potting Resins... Encapsulating. 


Is thoroughly familiar 

with the chemistry of 

such materials as: 

Natural and Synthetic 
Rubbers ... Bakelite and Othe 
Resins ... Polyethylene... 
Fiberglas ... Teflon. 


Write today, describing 
Hour pe cial proble ms. 


Gacou INDUSTRIES, -Inc. 


192 Pleasant Street 
Watertown 72, Mass. 
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Informative Du Pont Booklet 
Gives You: 


* 
facts about the outstanding properties of neo- 
prene, Du Pont’s chemical rubber 


. inti ; dia 
descriptions of service conditions that demon- 
strate neoprene's superiority 


?* 
examples of products in which neoprene has 


outperformed other resilient materials 





Designed for you, this illustrated booklet 
contains data on neoprene's properties, per- 
formance, and uses. It shows you why neo- 
prene withstands service conditions that 
cause failure in many other resilient ma- 
terials. Numerous pictures and tables illus- 
trate how products made with neoprene can 
often outperform and outlast those using 
other elastomers. 

To help you design new products . . . and 
improve old ones . . . be sure there's a copy 
of "Design for Success with Neoprene" in 
your file. 


The rubber made by Du Pont since 1932 


BETTER THINGS FOR BETTER LIVING Qno ————)——À—]—  —— 
.. THROUGH CHEMISTRY  — A 10O———————————————————— a a a a a a a al 






E. I. du Pont de Nemours & Co. (Inc.) 


Rubber Chemicals Division PEH, Wilmington 98. Delaware 


Please send me a free copy of 
"Design for Success with Neoprene.” 


Mti eii Rm mime Position 
Firm 


Street & No. 
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WHEN you WANT NYLON PERFORMANCE osols. Also contains technical informa 


tion about the general properties of 


with low tooling cost... design with the seven resins in this series, and 


performance characteristics. 
p OÓ a Y Pp E N C (°) | (O-13) INDUSTRIAL ENAMEL 
ROD, STRIP, TUBING Erie Enameling Co., Booklet, 16 pp 


Entitled, "Porcelain Enamel to Handle 
the Tough Jobs," it contains sections 
on the types of porcelain enamel, in 
formation on physical characteristics, 
and lists applications. Also has a sec- 
tion on the use of color in industrial 
enamel, and rules for designing for 
porcelain enamel. 


(O-14) PRESSURE  SENSITIVI 
TAPES—Minnesota Mining and Mfg 
Co., Booklet, 16 PP. Lists two dozen 
pressure sensitive tapes that meet var- 
ious government specifications. Con 
tains 42 illustrations, giving complet: 
data on tapes for packaging, holding 
mending, masking, sealing, mounting, 
protecting, insulating, and splicing 
Jobs. Also lists 14 printed tapes used 
for identification of food lines in 
aircraft. 


(O-15) PAPER TUBING-—Precision 
Paper Tube Co., Catalog, 16 pp. Infor- 
APPLICATIONS eet — Light weight mative data and specifications on square, 


Valve seats 
Wearing surfaces 
Insulators 


rectangular, and round tubing. Tubes 
furnished in a variety of spirally 
wrapped dielectric papers. Also a linc 
of celluslose acetate tubes for aircraft 
and marine applications. 


Heat resistance 
Quiet operation 
Toughness 


Bearings 
Connectors 
screws — rivets 
Coil forms CHARACTERISTICS Resilience 


Gears Abrasion resistance Low coefficients 
Rollers Electrical insulation of friction (O-16) PROPERTIES OF PLASTIC 
E. I. du Pont de Nemours & Co,, 
Inc., Bulletin A-3940, 12 pp. Discusses 
alathon, teflon, nylon, lucite, pyralin, 
mill, blank) from standard shapes of POLYPENCO nylon butacite and plastacele. Each plastic is 
described as to its working techniques, 
properties and uses. The two-page chart 
gives mechanical, thermal, electrical, 
optical and miscellaneous properties 


You can fabricate parts readily (drill, tap, thread, turn, 


on standard shop equipment. This keeps tooling cost 


low and makes nylon economical without costly tooling. 


Call on us for engineering help. We will tell you if nylon (O-17) TRANSPARENT PLASTIC 


is practical for the application, how to fabricate it—or we SHEET—The Homalite Corp., Book 
let, 12 pp. Describes CR-39, a clear 
thermosetting sheet plastic material, 
and covers fabrication, maintenance 
and installation, plus a comprehensive 
tabulation of physical, chemical and 
electrical properties, as compared to 
cast methacrylate and plate glass. Has 
rood resistance to breakage, scratching, 
chemical attack and high pressures. 


will fabricate it for you. Write for prices or technical data. 


(O-18) CERAMIC COATING 
POLYPENCO NYLON FACTS — Ryan-Cameo Co., Booklet, 
10 pp. Tells what high temperatur: 


ceramics are; what properties they havc 
M" - in aircraft; wl tals may | 
nylon and teflon use in aircraft; what metals may be 


/ stock shapes, finished parts coated. Has illustrations of production 
testing, facilities, and other data on the 


also available to your specifications inei entind alt cia 


The POLYMER CORPORATION of Penna. « Reading, Penna. 


a SPECIF "ION AC 
In Canada: C-H Engineering Company * Montreal * Toronto \ = : E z l : : _ 2 : 2 
* registered trademark of the Du Pont Company Q ER ercules Fowder UO Uli 
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More developments using 





B. F. Goodrich Chemical raw materials 


B. F. Goodrich Chemical Company does not make these products. 
We supply the Hycar rubber only. 


On Aircraft, Oil Well 
and Electrical Jobs 


. » o versatile Hycar scores high! 


OOK at the three typical uses 
of Hycar pictured. They show 
the wide range of applications for 
this versatile American rubber. And 
they also show how Hycar helps 
improve products and operations 
—save money. 
The carburetor gasket is used on 
a Navy helicopter. Hycar bonds the 
asbestos fibers of the gasket, helps 
seal power in—keep trouble owt. 
Hycar resists heat, oil, solvents and 
retains its high tensile strength. It 
helps make the gasket non-absorb- 
ing, non-swelling and non-cracking. 
The Hycar rubber “O” ring seal 


is one of many uses for Hycar in the 
petroleum industry. It's used on a 
powerful pump designed for jet bit, 
big hole and deep drilling. The 
Hycar "O" ring seals tightly, resists 
abrasion and the hydrocarbons en- 
trained in the drilling fluid. 

On the volt-ammeter, the trigger 
is made with a Hycar rubber-phe- 
nolic compound. Breakage under 
sudden pressure which used to plague 
rag-filled phenolic triggers has been 
reduced almost to zero. 

Hycar’s many advantages may be 
the perfect answer to your product 
improvement or development prob- 


lems—and your sales plans. We'll 
help you select a Hycar rubber com- 
pound exactly suited to your needs. 
For technical information, please 
write Dept. HU, B. F. Goodrich 
Chemical Company, Rose Building, 
Cleveland 15, Ohio. Cable address: 
Goodchemco. In Canada: Kitch- 
ener, Ontario. 


B. F. Goodrich Chemical Company 
A Division of The B. F. Goodrich Company 


Hycar 


L 22 3 1 


Amanita fou 


GEON polyvinyl materials e HYCAR American rubber èe GOOD-RITE chemicals and plasticizers e HARMON colors 
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Send us your problem. We'll 
be glad to advise you, make 
suggestions and quote prices 
promptly—no obligation on 
your part. 


Hak 


rove DTS ESS 


e EIS. 
YLON NAZARETH, 


m PENNA. 


PROPER APPLICATIONS ...PRODUCT IMPROVEMENT 


tin 500-1576M, 10 pp. Titled "Specifi- 
cation Lacquers for Finishing Military 
Items” it contains military specifica- 
tions, U. S. Army specifications, joint 
Army and Navy specifications, and an 
index to the typical users. It is possible 
to find out what kind of finishing ma- 
terial is being called for, when all that 
is given is the specification number. 


(0-20) MOLDED PLASTICS—Kuhn 
& Jacob Molding & Tool Co., Booklet 
E-604, 10 pp. Presents the services and 
facilities, engineering, materials selec- 
tion, precision mold making, and fin- 


| ishing. Charts aiding designers are: 
| minor diameters of threaded inserts and 
| pin diameters, and major diameters of 
| screw threaded inserts with tolerances 


allowed 


(O-21) CAST OPTICS—Cast Optics 
Corp., Catalog, 8 pp. Has descriptions 
and tables of properties of four cast 


| plastics, lists of features, brief fabrica- 
| tion instructions, and some accepted 
| uses. Two are thermosetting allyl resins 


which can be hot formed, and one deep 
drawn. Another is a cast polystyrene 
with good optical qualities, and the 
fourth a ound polystyrene de- 
veloped specifically for UHF insulation 


(O-22) NATURAL & SYNTHETIC 
RUBBER PARTS—Tyer Rubber Co., 
Booklet Ip 52, 8 pp. Titled “Molded 
and Extruded Parts of Natural and 
Synthetic Rubber," it deals with the 
standard items made for the aeronau- 
tical, automotive, electrical, and agri- 
cultural industries. One chart shows the 
key to rubber and synthetic compounds; 
and another shows the relative prop- 
erties of the two 


(0-23) TEFLON PRODUCTS—Ray- 
bestos-Manhattan, Inc., Bulletin, 8 pp. 
Has description, service recommenda- 
tions, and lists types of: gaskets; rings 
in irregular shapes; sheets; tubes; rods; 
tape; braided and plastic packings for 
stuffing boxes and valve stems; and 
Vee-Flex packing rings. Also lists 
chemical, electrical and mechanical 
properties of teflon, and suggested ap- 
plications 


(O-24) ELECTRICAL INSULAT- 
ING RESINS— Minnesota Mining and 
Mfg. Co., Booklet, 8 pp. Describes a 
new technique of embedding electrical 
components in insulating resins. Ap 
plications for hot and cold pouring 
resins are discussed, as well as the us 
of fillers to get spec ial characteristics 
Illustrations and technical data 
included 


(O-25) PLASTIC COATINGS—The 
Ric-Wil Coating & Mfg. Corp., Bul- 
letins, 8 pp. Two bulletins describe 
types 1060 and 7100 Resin coatings to 
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Some present uses of Spongex Cellular Plastic 


New material does old jobs better 
... Makes new jobs possible 


Spongex cellular plastic (expanded unicellular poley- 


vinyl chloride) performs outstandingly as a protective 
cushioning, flotation or insulation material. 

This new material absorbs shocks with little, if 
any, rebound. Its light weight and ruggedness make 


it just about ideal for use in the aircraft, automotive 
and marine fields. 

Perhaps Spongex cellular plastic offers a solution 
to one of your problems. Write to us today for com- 
plete information. We'll be glad to help. 


Properties of Spongex Cellular Plastic 


Insulates e Floats e Cushions e Low water 
absorption e Absorbs shock with minimum rebound 
e Unaffected by salt water or sunlight e Unaffected 


Fire-retardant 


SPONGEX = 


by oils, acids, perspiration . 


e Has K factor of .20 e 


or protective cover e 


Needs no paint, finish 
Can be cut or molded to 
Won't absorb odors e 


shape œ Non-staining 


e Lightweight e Non-toxic. 


for cushioning, insulating, shock absorption, 
sound and vibration damping, gasketing, 


sealing, weatherstripping and dust proofing. 


THE SPONGE RUBBER PRODUCTS COMPANY 602-H Derby Place, Shelton, Conn. 
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NEW BOOKS 


Fabrication & Production Processes 


Automation by Jobn Diebold, Man- 
agement Consultant, Griffenbagen 
G Associates, 6x 9 in., 181 pp. Pub- 
lished by D. Van Nostrand, Inc., 
250 Fourth Ave., New York 3, 
N. Y. $3. 


It is a study of the possibilities, limi 
tations and social and economic effects 
of the machines of the electronic 

ra. Such factors as: what they mean in 


terms ot Jobs, cost ol goods and serv- 


new 


es, standards of living, and increased 
sure time are considered 

[he author presents a picture of 
w era and of the problems of read 
will be 
actual 


ng that 
ny many 
office and factory, in educa- 
management and 
Ihe way in which these 
handled will effect the 


ferment, an< 


istment and rethink 


essary, includ case 
stories otl 
tion, engineering 
problems ar: 
progress Di 


1 future of us all 


Engineering Manufacturing Meth- 
ods by Gilbert S. Schaller, Prof. of 
Mechanical Engineering, Univ. of 
Washington, Seattle, Wash. 6 x 9 
in. Published by the McGraw-Hill 
Book Co., 330 W. 42nd St., Neu 
York 36, N. Y., $7. 


A text for the tandard urse 


manufacturing proc overs 


the major aspects Of engineering man 


facture. Covers all phases, such 


manufacturing patterns for metal cast 


n 


Ings sandless Cé methods: cold 


} 


and hot shaping; heat treating, turn 


» atl s | 
ng lathes: screw machines; boring 


ing; shaping; slotting; milling 


finishes: transfer 


Die-Casting--Second Edition 5} 

Charles O. Herb, 310 pp, 6 x 9 in. 

Published by The Industrial Press, 

140 Lafayette St., New York 13, 
$4.50. 


this sc 


a 
yto die-casting ma 
' n 1 | 
asting alloys, and steels 
dic components have 
ely revised. New exan 
5 i » 


dig 


'S have De 


duction motor rotor die-cast as a single 
unit around stacked laminations. - 

The latest models in automatic and 
manually operated ma- 
chines are illustrated, fully 
hydraulic machines of the vertical 
cold-chamber and horizontal cold- 
chamber air-operated vertical 
machines, machines convertible from 
cold-chamber to gooseneck type opera 
tion, etc. An interesting adaptation ot 
a vertical hydraulic press to die-casting 
work is also described 


die-casting 
such as 


types, 


Investment Castings for Engineers 
by R. L. Wood and D. Von Ludwig, 
6 x 9 in., 477 pp. Published by 
Rheinhold Publishing Co., 330 W. 
t2nd St., New York 36, N. Y., $10. 


lume presents a comprehen 


[his vo 
sive description of the important fea 
tures and the advantages and disad 
vantages of investment castings as they 
are now used in industry 

Emphasis is placed upon the design 
that govern the 
attainable accuracy of dimensions, and 


engineering factors 


This book defines 
actually be 
commercial modifica 
lost wax process. Recent 


hniques, such as the frozen mercury 
T à 


the metallurgical advantages of preci- 


sion cast produc ts 


learly what can accom 
plished by th« 


tions of thc 


eramic shell mold processes, ar: 
Inter-relationships 
esses are defined 


1 


described in detail 


between these pro 


How to Control Production Costs 
by Phil Carroll, Consulting Indus- 
trial Engineer. 6 x 9 in., 272 pp. 
Published by the McGraw-Hill 
Book Co., 330 W. 42nd St, New 
York 36, N. Y., $5. 


Both men in the management group 
ind accounting will find this a prac 
and a guide 
production costs down while 


naintaining high quality. 
} 


ical explanation of costs, 


$ l D 
O ACC} 


The book shows how to get more 
irate product costs and how to con 


them. A helpful new approach is 


in applying overhead expense 
n.terms of conversion time and 


'") im accordance with rates caused 


y the different products in multiprod 


t industries 


by step how to ap 


In showing 


step 


Product 


nl 
pty 


y this control procedure, the author 
emphasizes five factors: the importance 
of accurate sales forecasts; controlling 
production to know deliveries, reduce 
inventory, and shorten the 
cle; saving excess finishes an tolerances 
with realistic engineering; using incen 
tives; and reporting results promptly 


rocess Cy- 


Production Processes by Roger W. 
Bolz, Assoc. Editor, Machine De- 
sign, 357 pp, 642 x 14% in. Pub- 
lished by the Penton Publishing 
Company, Cleveland, Obio, $7.50. 


Following the precepts of Volume I 
of Production Processes— Their influ- 
ence on Design, this accompanying 
book carries on to completion the cov 
erage of major manufacturing methods 

As in the previous volume, a portion 
of each chapter is devoted to the sele 
tion of the most suitable materials 
their processing attributes and possible 
limitations. Discussed also are practi 
cal shop tolerances which can be held 
under average manufacturing condi- 
well as the usual maximum 
range which can be drawn upon whet 


tions as 


essary 


Techniques of Plant Maintenance— 
1952, 182 pp. 812 x 11 in. Published 
by Clapp and Poliak, Inc., 341 Mad- 
ison Ave., New York 17, N. Y., $6. 


This book is a complete transcript 
of formal papers delivered at the Third 
Plant Maintenance Conference 
sored by the American Society of Me 
chanical Engineers and the Society fo 
the Advancement of Management held 
in January 1952 concurrently with the 
Third Plant Maintenance 
Philadelphia. 

The subjects covered are: Maint 
nance Costs, How to Maintain. Plant 
Buildings, How to Maintain Electrical 
Equipment, Maintenance in Chemical 
Plants, Maintenance in Metal-Produc- 
ing and Metal-Working Plants, Project 
Preparation and Cost Control, Preven- 
tive Maintenance, Maintenance Prob- 
lems of the Small Plant, Maintenance 
Problems of the Medium-Sized Plant, 
Maintenance Problems of a Large 
Plant, Training Maintenance Workers 
and Supervisors, and Lubrication 


spo! 


Show in 
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Precision Casting of Large Parts ... Se Mi ai ee ne D 3 

Designing Stampings for Economy Rasa aut ae d D 6 | 
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Fig. 1 (above)—Turbine rotor modified 316 steel. 
Forged billets were previously used to form this 
part. Buckets had to be milled out—an operation 
requiring about 80 hr. Produced by casting, cost 
is about $100. 


Precision Castin 
of Large Parts 





The investment casting technique is no longer limited to small parts, Castings w eighing 35 


lb can be produced, thus extending the freedom w ith which the process can be specified. 













J. R. BURNS the use of the process in the aircraft and comparable materials; cobalt-base 
industry high temperature alloys; nickel-base 
temperature alloys; nickel- 


resisting alloys; 


Supervisor, Manufacturing Research 
Bell Aircraft Corporation 1. The complexity required in new high 
aircraft parts. Intricate or compound chrome-moly heat 
shapes that are difficult, impossible, or copper and brass—in fact, any metals 
16 inches in diameter and weighing more costly to produce by other fabr that are castable. In addition, a wide 
up to 35 Ib—currently are being pro cation methods can readily be made by range of mechanical properties beyond 
duced in materials ranging from alum- investment castings, thus permitting those obtainable by conventional cast 
num to high temperature alloys by the design of parts in one piece to ng techniques is possible 
the investment casting process. Com- 


pared to the 9 or 10 Ib limits that 


BIGGER PARTS—some measuring up to 


cut down weight and improve strength 3. The need to reproduce fine de 


properties tail, reduce cost, and minimize or 


Usually toler 


have been generally accepted as the 
maximum weights that could be 
poured, these new limits represent a 
significant advancement in technique 
and control. They are of especial im- 
rtance in the aircraft and guided 
ssile industry where limited produc 
n of a prototype often precludes a 
heavy tooling investment for forgings 
id expensive jigs and fixtures 
However, there are several other 
factors that have added impetus to 


The use of hard-to-machine parts 
for high temperature and high stress 
service. Many high strength alloys, 
formerly considered too difficult to cast 
or which usually resulted in excessive 
scrap can be cast by advanced invest 
ment methods. Currently cast alloys 
nclude: stainless steels (AISI types 
303, extra low carbon 304, 310, 317, 
316, 410, 420, 430 and 440 C); car 
bon and low alloy steels such as AISI 
1020, 1040, 4130, 4140, 4615, 6150 
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eliminate machining 
inces can be held closer by investment 
asting than by most other casting 
chniques, and surface smoothness 
ind detail is excellent 

It is generally agreed that the mini 
mum tolerance acceptable for econom 
il production on all dimensions ex 
ept those across parting lines or gated 
surfaces is +0.005 in per in. on d 
mensions up to 3 in.; on dimensions of 


Ye in. or less 0.003 in in be held 


D: 




























































































Concentric to - ^ 


— 2000". 
-.40006" 





- *000455 


Run-out troubles might 
have to be corrected here. 


3 eer +a009"- -=>| 
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Each hole 


L " 4000!" All surfoces straight +0.001" per inch 


| ae 2^*0006 — Straight +0.001" 
per inch 


AANA NNSA aaa 
A 


0.25" +0001" --4 | 
Threaded thickness +0.001" 








e i 


| 
PERLE |o 


—— —-—J3 $0009" 
| ————— 4*002" -—-—---- > J 


5"+0.015" 





Hold this k dimension too close ond the importont 
ones must be given lorger tolerances 


Variations of tolerances with dimensions. As with other fabricating methods some dimensions are 


easier to hold than others. Tolerances should be specified only as close as the function of the part requires. 


S 
I 
S 
ri 
I 
| gh 
I T} itterns for the turbine 1 
Steps in the Process nt ee Ti 
g | p ga ry 
diff S d ! sl 
} sta S | flou 1 with a J 
] I f t f ne S n 1 
( «S o This d 1 | 
} a wall of nt appr | 
g wy slurry ly ( 0 hick which confort | 
p 1g out th recisely to the most minute detail as 
ind. baking th ives ntually forms a glass-smooth insid 
eheatino i di Aii irface of the mold. These refractories 
it: r ng ] e th we permeable and allow air and gas 
I escajr rough the walls from th 
Id I g 1 density Id y. This ds to cut back | 
by temperature and pres he us heavy risers and heads f 
Melting and casting met ssi S 
( h | rel ng of ian. wh id n sand 
y Í nonpor The | is then placed 1 
lif V ly | plate (sprue downward) and 
l ssure is applied t mold flask of heat resisting alloy 
ra solid g; aif laced around the pattern and seal 
ror these 1 other rea S isting stur und »mbustible materials ar to the plate with wax. Next, the s 
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ondary investment, which is a rela ing, and can be stored for long periods cerned, the process is accurate for the 
tively coarse mixture of silica, calcined without deterioration. great majority ot purposes. 
day and liquid binder, is poured into Polystyrene patterns require a more Holes, recesses and chambers of 
the flask on a vibrating table to insure costly injection molding die, especially larger diameters can be of any size 
packing completely, thus bringing where intricate shapes are involved. that will leave adequate thickness of 
about complete support of the thin However, the higher cost will usually sections in the walls of the piece 
primary investment envelop ing the ex- be offset in a run of 5,000 to 10,000 Holes can be of any shape and can 
pendable pattern. Following the solidi- pieces, and production beyond this follow curved paths. Chamber en 
fication period of the secondary invest- quantity will net a considerable sav trances can be smaller than their mair 
ment, the steel plate is removed, leav- ings. The plastic pattern is therefore diameter. Small holes are dependent 
ing only the pouring cup that is at- idvantageous when production quan- upon their lengths, location and their 
tached to the sprue exposed, while the tities are high and design fairly sta- depths, and on whether or not they 
pattern is embedded in a solid invest-  bilized. Other advantages are the a« are to be open at both ends so that 
ment mold. The mold is then placed curacy and uniformity that can be tiny rods of investment can be suffi 
cup downwards on a grid and con obtained ciently supported as the castings are 
veyed through a drying oven to com Frozen Mercury. The most recent poured 
pletely dry and burn out the expend- pattern material used is mercury, which Extremely severe undercuts can b 
able pattern. The cavity of the mold is poured into dies and frozen below produced at a slightly higher cost of 
which now has the detailed configura 10 F prior to investing. This method tooling and part piece 
tion of the pattern is ready for pre- is expensive because of the equipment Hollow parts can be produced to 
heating up to temperatures as high as required to operate at subnormal tem provide passages for liquids or gases 
1.850 F; this pre-heat is determined peratures and because of the high or to reduce the weight of a part. In 
by the casting characteristics of the equipment costs sofar as is practical they should have 

tal to be poured. Once at tempera- Such patterns are very smooth be clear through passages. These passages 
ture, the mold is rapidly transferred ause of the high surface tension of do not have to go straight through 
and clamped to the casting machine mercury in the liquid form. Solidifi they can follow curved or angular 
which contains sufficient metal to fill cation characteristics minimize the paths, they can vary in width and di 
one mold. A seal is formed using an tendency to cavitate and very heavy ameter and in cross-sectional shapes 
asbestos washer between the cup of and thick sections are made without 

mold and the spout of the machine difficulty. The high fluidity of the Part Development 

The casting machine is then inverted mercury also permits production of The high cost of tooling for larg 
on trunnions, permitting the molten patterns that have extensive areas of omplex parts necessitates careful d 
metal to enter the mold by gravity thin wall sections or b! sign and development prior to making 
Simultaneously, positi nr pressur Compound patterns of wax and the final pattern mold. The use of 
s introduced behind the metal throueh plastic are being developed to allow plastic for pattern material has hel; 

tomatic valves on th trunnions for larger and more intricat nvest to cut down the guesswork involved 
Th yperating cycle is very rapid ment castings. Finer sections, requir To prove the feasibility of castit 
from 75 to 125 molds are poured per ng high strength and smooth finish larg ntricate parts th xpendabl 

hine in a 24 hr day in be made of plastic and the th f ttern can be machined from a | 





sections injected with wax 1 plas |. This hr 
Types of Patterns is met with good success at Bel 
a miiie is guanine Part and Pattern Design Such compl s 235 turbine rotors 
lude waxes, polystyrene, frozen mer [wo factors of importan to tl 1 fuel and lizer mp llers hax 
uf Each is suited specifi signer are th ucal and phy n cut fron rial, gated 
uses and requires differ handling | proj s that in be ‘ 1 invested 
to obtain best results trom th castings and h hn sh is \ r th firs S S 
H The original dispensable ma limensions, relative to reduction ot nspection can | ide to evaluate tl 
al for patterns was wax. The waxes limination of complicated tooling results of the test [n many is 
now used vary in melting point from The investment casting process giv hanges in design in be made t 
145 F to over 170 I the designer greater latitude than other liminate faults that may appear. A 
ri wax patterns are economical isting processes since nearly any alloy los heck on dimensions will g 
ill volume runs because of an be cast. Stronger alloys, or those | clear indication. of the locatiot 
lower mold cost, but are primarily lim more resistant to heat, abrasion, and amount of shrinkag warpage nd 
| ited to small parts or to large parts corrosion can be select d. Often the ther phenomena. This t hniqu | 
| that have no flimsy side walls or ap parts can be made lighter in weight or lows for greater flexibility of design 
pendages. Soft metal molds can be smaller in size by the use of thes prior to making the finished mold 


used to cast the patterns, although for durable alloys One word of caution: The produ 


consistent results, steel molds are used Threads, either internal or external tion of such larg wts is not a 


The waxes have the disadvantage of of any sizes from those used on small general procedure in the investment 
requiring immediate investment since nstruments up to sizes of 1.00 in. or asting industry as yet. Only a few 
| their soft structure, poor rigidity and more can be produced by this process mpanies have advanced to this stage 


low softening and distortion point Very seldom are their accuracies closer However, the success gained so far 


precludes excessive handling or storing than No. 2 fit is expected to stimulate activity in 
for any length of time Contours of threads, of gear teeth large casting production. Advance 
Plastic. Polystyrene is a much more and of similar shapes are easier to ments in tooling and in investment 
substantial pattern material than wax produce than it is to hold their accu refractory materials are expected to 
because of its dimensional stability racies. Any known thread contours can reduce costs and produce large cast 
ind rigidity. Plastic patterns can be be produced, and as far as true and ings of assured soundness and excep 
handled without distorting or break- accurate contour of a thread is con tionally smooth surface finish 
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Designing Stampings tor Economy 


DRAW 


o 8 C RETTER 

if drawing is involved, the depth of draw in 
relation to size or diameter should be as shallow 
as practicable to keep the number of operations 
to a minimum As the depth increases beyond 
that attainable with a single operation, more 
dies are needed for the additional operations 
which results in an increase in tooling and 
manufacturing costs. 


GRAIN DIRECTION 


Since sheet metal is strongest in the direction 
of the grain and is most resistant to fracture 
when bent across grain. The direction of the 
grain of the metal should be considered when 
designing heavily stressed parts and specified on 
part drawing when deemed necessary. 


The blank development of stamped parts should 
»e arranged to minimize scrap. By slight re- 
design, in the arrangement of the part on the 
sheet or strip from which they are blanked 
much can be saved in production cost 


D. 


EDGES 


— —— — 


*-New size 


“-Proposed notch 


(A) Parts should be studied for projecting 
corners or flanges that can be cut off without 
sacrificing strength or welding surface. 


eos 
pone 
— T oe 


MMENDED 


Blonk 
— NOT RECOMMENDED 


(B) To reduce cost of blanking dies, parts 
should be designed so that straight edges can 
be maintained on the flat blanks. 


C 


CEPTABLE 


-— NOT RECOMMENDED 


IDDI 


(C) Feather edges should be avoided to minimize 
die maintenance. These edges are difficult to 
maintain as they tend to break off in the die 
and thus increase cost and maintenance. 


D 


(D) Parts cut from strip stock should have 
corners which are partly formed by the edge 
of the stock, sharp and approximately 90 deg: 
corners not partly formed by the edge should 
be round, wherever possible, 


NOTCHES 


«--RECOMMENDED 


^ 
^ 
^ 
` 


ats : NOT RECOMMENDED 


(A) The radius of the vertex of a notch should 
be as large as possible to prevent tearing; a 
minimum of twice metal thickness and a 60 
deg angle notch is recommended. Notches with 
a sharp “V” at the vertex are not recommended 
as this is where tearing usually starts. 


<- -Notch in blonk 


“Distortion coused by forming 


(B) If a notch is to be put in a blank re- 
quiring subsequent forming in the vicinity of 
the notch, allowance should be made in the de- 
sign for distortion that might be caused by the 
forming operation. 


Moy be used 
on heo y 


sed 


(C) One wide notch or a number of smaller 
notches at corners of a folded edge eliminates 
gathering of metal in the flanging operation. 


Properly designed ribs add rigidity to angles 
and flanges. Irregular sides allow for rib when 
part is made from strip stock. A radius of less 
than four times metal thickness will usually 
tear and cause part failure. 
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D FABRICATION AND PRODUCTION PROCESSES 



































Stampings, well adapted to quantity production, are often sign, as developed by the engineering department of the 
n used to effect a cost saving in material, machining, and Ford Motor Company and further outlined in the SAE 


shipping. Following are recommendations for their de- Drafting Room Standards. 





FLAN GES D Twice meta/ thicknes----74 


(minimum) s 


i 


A Twice meta! thickness - —— 


(minimum) I / 
| , 
I / 
x | i 
— | xm i 
I , / 
<--R j 
/ 
othe soe 






























4ENDED 
h should 
ring; a 
id a 60 
hes with c 
pem 1 á (A) Tapered flanges should be cut off so that 
- A SECTION A-A the narrowest section will be at least twice metal 
Vm dosnne thickness measured from the radius center. =R 
direction 
Beads of the type shown B Twice metal fhickness--4 2 : . 
in (A) should bo formed (minimum) (D) Flanges left by trimming should have a 
i» the samo direction as width of at least twice the metal thickness meas- 
the outer flanges to facil- - —L- ured from the radius center. 
" itate die construction. ——— € 
: Formed offe 
f n | 5 
orming | 8 : R - trimming 
| i | (B) Outside flanges and flanges around openings S — on. 
[€- ^ » + we -—A > 4 should have a height of at least twice the metal 
lank re- | E thickness measured from the radius center. This 
cinity ef | R | Í serves two purposes: 1) eases the forming of E 
. the de- > - the lip, and 2) provides a surface for attaching 
d by the S. covers and other members. 
" : rd T (E) Where a sharp edge is not objectionable on 
0 a drawn part, the flange may be trimmed close. 
oe, C (F) Flanges can be eliminated on some drawn 
D parts by adding an operation to form them up 
= ia á = T 3 after trimming. 
[. ^ B D E | 
Ro - Rad $ Ro | 
pee + T-— T— | <-— Sharp shoulder -----Surplus 
| 025 T T 4T T | G N i metal 
| 0.38 T 41 T | 
| 0.50 e 2 4T 2T 
> - T ^T | 
N A-A ` " 4 a | 
0.75 cT £T aT 1T 
be used | o0 | st | s | at | sr | 
T— The beads shown in (B) and (C) are typical 
ed : = 
s —— s em (€) Where flanges extend over only a portion F j 
the angle of the sides will normally allow their «n qu "M MEMO MM S nhu 4--Stamping “-Die 
dat l : d i f ith hole at the end of the flange to eliminate tear- 
" s = > > S 2 du r^ t tt d x ing of the metal. This is also a method of reduc- (G) Flanges can be removed from some drawn 
f sma ee = rn 22 -— d E int 22 k a — ing stress concentration factors at the intersec- parts by combining a pinch trim with the 
— ———————— tion of the two surfaces. drawing operation. 
eration. 
O jst The radii are deter- 
mined by substituting eM 
the metal thickness RADI | B * Minimum rad 4 
for T, and multiples A—4 
of T, in each in- 
stance. A radius less A 
than recommended 
causes tearing at the 
bead. 
Á 
C / e : 
/ ay X 
C- A- 7 > K- -A— > / 7 
R fee. |/ ; » don S 
L (B) A small radius on a 
E D Bend allowance " punch is liable to fracture 
4g f (A) The following formula may be used the metal between the punch 
-F --c for blank development: Total Length A and die because of a pinacang 
5 = T T + B + Bend Allowance. Bend allowances *€tion, whereas if the punch 
to ancii ` B ( D E F shown in the chart, are computed by the has a large radius, the frac- 
a s 3 Radius Radius |Rodiu following formula: ture may be avoided. (C) 
r rib when + jet e——Ó— Where a flanged piece is bent 
lius of less 1T T 25 AT 4 Bend allowance „ (R + 1/3T) in the shape of an offset, 
ill usually ù e? oT 03 4T 4 . both radii should be as large 
» hs Angle of bend as possible. 
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Designing Stampings for Economy—Continued 


HOLES :, A e TRIM TABS AND 
RETAINER PRONGS 

















(A) and (B) The distance between holes or 
between a hole and a trimmed edge is governed 
by stock thickness, hole size, punch shank size, 
type of hole and die steel strength. (C) Hole 
edges should be separated from a line normal 
to the metal face and through the center of 
the radius at a bend by an amount equal to 
at least twice metal thickness. (D) Standard 
size punches—examples of which are shown in 
the table—save the time and expense involved 
in making special punches. (E) Standard sizes 
for counterpunch and hole diameters. The 
charted dimensions are for screw heads only: 
when a lock washer is used, allowance must 
be made for the washer. 





PRONG BINDING STRIP 


j 

I 
Standardizing on the shape and dimensions of 
trim tabs and retainer prongs will simplify tool 
design and frequently reduce inventories. The 
designs shown in sketches A to D are those speci- 
fied in Ford Motor Company standards. 
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of 
tool 
The 


eci- 





(A) Clinch nuts with flat surfaces should be 
assembled with the flat surface facing the edge 
of the metal. (B) Dimensions for round de- 
pressions for clinch nuts. 








å K r 
A | + M 
I 
PL 
Y | 
| 
B 
ROUND HOLE 
» H 
parue ~ =r — 



























| 
24 \ 
" 20 | | 
3% 
| 
24 | 0.450 | O.15€ 
ENTM 
| 28 | : 4 j 
+ 4 I 
I 5 I 
I cv 
4 | 
| 28 | 
8 
€ 
| 24 i ‘ - 
| 6 ` 
| | 
| 16 | 64 c 
1/8 | 
24 
+ + + + 
4 | € 8 
X | á 88 »7r aa 
T t > > 
| 14 
9.82 
+ 95 
. A 1457 
| 2 
t 4 4 + - 
88 382 
| 90 BA 
| 2 " 895 390 
+ + 
| | f 
4 E | | 
i8 | € 0.445 
- 1.11 26 | 0453 
| 
8 
i8 | | 
| bannia 
| 35C 4| 
3/16 | 06 90 3 
4 0.96¢ 422 
1/4 
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€ — Q.O/6 maximum radius pole 
for assembly 


| T f 
- QUEE. 


CLINCH NUTS- Depression and Hole Dimensions 


holder 


CLD 


<--R- 


SWAGING PUNCH 








sheet and strip 


decrease 


will greatly 
availability. 


D FABRICATION AND PRODUCTION PROCESSES 


S x R 
Threads Moximum | Hole 
per Metal Size 
Inch Thickness, | Inches 
| Inches 


Swaging 
Punch, 





a 
— 20° 


I 


TOLERANCES—Ferrous Sheet and 


Specifying other 








than standard tolerances on 
increase cost and 
Standard tolerances for 


strip and sheet steel thicknesses established by 
the American Iron and Steel Institute are shown 


in Tables I to 


IV. They 


determination of 


employed 


for brass, 


are given 
tolerances where 


to permit 
stock size 


in manufacture is known to the de- 
signer or project engineer. 
bronze, 


Standard tolerances 
aluminum, and magnesium 











(C) Dimensions for square holes for clinch nuts. 
The swaging punch sizes are provided for refer- 
ence purposes only, but such information may be 
required to determine tool clearances. 


Strip 


sheet and strip are given in Tables V to IX 

Standard thicknesses also should be specified 
not only on nonferrous but on ferrous sheet and 
strip. If none of the standard thicknesses meets 
a specific design requirement, another more 
suitable thickness may be chosen. In exceptional 
cases, any thickness may be chosen, if required 
to meet an unusual design problem. However 
the practice of using non-standard thicknesses 
should be avoided. 





Table I—Tolerances for Hot Rolled Carbon Steel Strip 
(Coils and Cut Lengths) 


WIDTH, IN 


Up to 3.50 Incl 
6 Incl 
6.0 to 12 Incl 


3.50 to 


Thickness measurements are taken 0.38 in., 
the strip when narrower than 1.00 The given tolerances do not include crown 


THICKNESS, IN 


0.0255 to 0.0344 to 0.0568 to 0.1180 to 0.1875 to 0.2031 t 
0.0343 incl 0.0567 incl 0.1179 incl 0.1874 incl 0.2030 incl 0.2299 in 
THICKNESS TOLERANCE— PLUS OR MINUS 
0.003 0.003 0.004 0.005 0.006 
0.003 0.005 0.005 0.006 
0.005 0.005 0.006 0.006 
from edge of strip on 1.00 or wider and at any place 
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TOLERANCES—Ferrous Sheet and Strip—continued 





Table II— Tolerances for Cold Rolled Carbon Steel Strip 


THICKNESS 0.005 IN. AND THINNER TO 0.031 IN. INCL. 
WIDTH, IN [us TL 


9.005 & 0.005 to | 0.009 to 0.011 to 0.012 to 0.019 to 0.025 to 0.028 to 


Thinner 0.009 incl 0.011 incl. 0.012 incl 0.019 incl. 0.025 incl 0.028 incl. 0.031 incl. 
| 






















0.50 to 0.99 incl 0.0005 0.00075 | 0.001 0.001 0.001 0.001 0.001 0.0015 
1.00 2.99 0.0005 0.00075 0.001 0.001 0.001 0.001 0.0015 0.0015 
3 i k 0.0005 0.00075 0.001 0.001 0.001 0.0015 0.0015 0.0015 
6 9 0.001 0.001 0.0015 0.001 0.0015 0.002 0.002 
» "139 0.001 0.001 0.0015 0.0015 0.0015 0.002 0.002 
12 * 16 0.001 0.001 0.0015 0.0015 0.002 0.002 0.002 
16 20 0.001 0.001 0.0015 0.0015 0.002 0.002 0.002 
20 "2394 " 0.001 0.001 0.0015 0.0015 0.002 0.002 0.002 








THICKNESS 0.031 IN. TO 0.2499 IN., INCL 









WIDTH, IN 0.031 to 0.034 to 0.039 to 0.049 to 0.068 to 0.099 to | 0.160 to 


0.034, incl 0.039, incl. 0.049, incl. 0.068 incl. | 0.099 incl 0.160 incl. 0.2499 incl. 




























0.50 to 0.99 incl 0.0015 0.002 0.002 0.002 0.002 0.002 0.002 
1.00 “ 2.99 0.0015 0.002 0.002 0.002 0.002 0.002 0.003 
3 6 0.002 0.002 0.0025 0.0025 0.0025 0.003 0.0035 
6 9 0.002 0.002 0.0025 0.0025 0.003 0.003 0.0035 
9 12 0.002 0.002 0.0025 0.0025 0.003 0.003 0.0035 
12 16 0.002 0.002 0.003 0.003 0.0035 0.0035 0.0045 
16 * 20 0.002 0.002 0.003 0.0035 0.0035 0.0045 0.005 
20 * 23.94 0.002 0.002 0.003 0.0035 0.0035 0.005 0.005 









Thickness measurements are taken 0.38 in. from edge of strip on 1.00 or wider and any place on the strip when narrower than 1.00. The given tolerances 
do not include crown 


Table III—Tolerances for Hot Rolled and Hot Rolled Annealed Sheets 
(Coils and Cut Lengths. Including Pickled Sheets) 


THICKNESS, IN. 


0.0141&, 0.0142 | 0.0195 | 0.0255 | 0.0314 | 0.0344 | 0.0389 | 0.0509 | 0.0568 | 0.0710 | 0.0822 | 0.0972 | 0.1420 | 0.1800 | 0.1875 
WIDTH, IN Thinner| 0.0194 | 0.0254 | 0.0313 | 0.0343 | 0.0388 | 0.0508 | 0.0567 | 0.0709 | 0.0821 | 0.0971 | 0.1419 | 0.1799 | 0.1874 | 0.2299 














o 0.002 0.002 0.003 
3.50 6 0.002 0.002 0.003 0.003 0.004 
















6 12 0.002 0.002 0.003 0.003 0.004 0.004 0.005 0.005 

12 15 0.002 0.003 0.003 0.004 0.004 0.005 0.005 0.006 0.006 0.006 0.007 0.007 0.007 0.008 
15 20 0.002 0.003 0.003 0.004 0.004 0.005 0.006 0.006 0.007 0.007 0.008 0.008 0.008 0.008 
20 32 0.002 0.003 0.003 0.004 0.004 0.005 0.006 0.006 0.007 0.007 0.008 0.009 0.009 0.009 
32 40 0.002 0.002 0.003 0.003 0.004 0.004 0.005 0.006 0.006 0.007 0.008 0.009 0.009 0.009 0.009 
40 48 0.002 0.002 0.003 0.003 0.004 0.004 0.005 0.006 0.006 0.007 0.008 0.010 0.010 0.010 0.010 
48 60 0.004 0.004 0.005 0.006 0.007 0.007 0.008 0.010 0.010 
60 0 0.005 0.005 0.006 0.007 0.007 0.008 0.009 0.011 0.011 

0 80 0.008 0.009 0.012 0.012 
80 * 90 0.010 0.012 0.012 


0.012 














Thickness is measured at any point on the sheet not less than 0.38 in. from an edge. 





Table IV— Tolerances for Cold Rolled Sheets 
(Coils and Cut Lengths) 


THICKNESS, IN 





WIDTH, IN 





).0112 & 0.0113 0.0142 0.0195 0.0255 0.0314 0.0389 0.0509 0.0568 0.0710 0.0822 0.0972 0. 1420 0.1875 


Thinner 0.0141 0.0194 0.0254 0.0313 0.0388 0.0508 0.056 0.0709 0.0821 0.0971 0.1419 0.1874 | Thicker 











































p to 15 Ir 0.002 0.003 0.003 0.003 0.004 0.005 0.005 0.005 0.006 0.006 0.006 | 0.00 
0.002 0.003 0.00 0.003 0.004 0.005 0.005 0.005 0.006 0.007 0.007 0.00 
20 24 0.002 0.003 0.003 0.003 0.004 0.005 0.005 0.005 0.006 0.007 0.007 0.00 
24 2 0.002 0.003 0.003 0.003 0.004 0.005 0.005 0.006 0.006 0.008 0.008 0.008 
4 01 ).002 0.002 0.003 0.003 0.0035 0.004 0.005 0.005 0.006 0.007 0.009 0.009 0.009 
+0 48 002 0.002 ).003 0.003 0.0035 0.004 0.005 0.005 0.006 0.007 0.009 0.010 0.010 
+8 6t 0.002 0.003 0.0035 ).0035 0.004 0.005 0.006 0.007 0.008 0.010 0.010 0.011 
60 0.004 ).004 0.005 0.006 0.006 0.007 0.009 0.010 0.011 0.012 
0 RI ).004 0.004 0.00 0.006 | 0.006 0.00 0.009 0.011 0.012 0.013 
a 0.012 0.012 | 0.014 
X 


0.012 0.012 0.015 


Thickness is measured at any point on th 
I 


sheet not less than .38 in. from an edge 
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TOLERANCES—Non-ferrous Sheet and Strip 


Table V—Thickness Tolerances for Bronze 
(SAE 77 Strip) 





THICKNESS, IN 














0.0040 & 0.0041 0.0061 0.0091 | 0.0131 0.0171 0.0211 0.0261 0.0371 0.0501 0.0731 ).1301 
WIDTH, IN Thinner 0.0060 0.0090 0.0130 0.0170 0.0210 0.0260 0.0370 | 0.0500 0.0730 0.1300 0.1880 
















to 8 Incl 





0.0002 0.0003 0.0004 0.0005 0.00065 0.00075 0.001 0.00125 0.0015 0.00175 0.002 ).00225 


Table VI—Thickness Tolerances for Brass 
(SAE 70 & 79 Strip and Sheet) 


THICKNESS, IN 


WIDTH, IN | 0.0040 & 0.0041 0.0061 0.0091 0.0131 0.0171 0.0211 0.0261 0.0371 0.0501 0.0731 0.1301 
| Thinner 0.0060 0.0090 0.0130 0.0170 0.0210 0.0260 0.0370 0.0500 0.0730 0.1300 0.1880 










to 8 Incl 0.00015 0.0002 0.0003 0.0004 0.0005 0.00065 0.00075 0.001 0.001 0.00125 0.0015 ).00175 
8tol4 “ 0.0003 0.0004 0.0005 0.00065 0.00075 0.0009 0.001 0.001 0.00125 0.0015 0.00175 0.002 
0.00065 0.00075 0.0009 0.001 0.001 0.00125 0.00125 0.0015 0.00175 0.002 0.00225 








Table VII—Thickness Tolerances for Aluminum 
(SAE 25 & 29 Sheet) 






THICKNESS, IN 












WIDTH, IN 0.006 0.008 0.011 0.018 0.029 0.037 0.046 0.069 0.077 | 0.097 0.109 0.141 0.173 ).204 
0.028 0.045 0.068 0.076 0.140 0.172 0.203 











18, Incl 0.001 0.001 0.0015 0.0015 0.002 0.002 0.0025 0.0025 0.003 0.0035 0.0045 0.006 0.00 0.009 
36 T 0.001 0.0015 0.0015 0.002 0.002 0.0025 0.003 0.003 0.003 0.004 0.0045 0.006 0.007 0.009 








36 " 34 " 0.002 0.0025 0.0025 0.003 0.004 0.004 0.004 0.005 0.005 0.008 0.009 0.011 
$4 * 73 » 0.0035 0.004 0.005 0.006 0.006 0.007 0.007 0.009 0.011 0.013 
m 298 0.007 0.008 0.008 0.009 0.009 0.011 0.013 0.015 







0.010 0.012 





Table VIII—Thickness Tolerances for Aluminum 
(SAE 20, 24, 201, 240 & 281 Sheet) 


THICKNESS, IN 











0.007 to 0.011 to 0.018 to 0.029 to 0.037 to 0.046 to 0.069 to 0.077 to 0.097 to 0.109 to 0.141 to 0.173 to | 0.204 to 
WIDTH, IN. /|0.010 incl./0.017 incl. 0.028 incl. 0.036 incl. 0.045 incl. 0.068 incl. 0.076 incl./0.096 incl. 0.108 incl. 0.140 incl.|0.172 incl. 0.203 incl.|0.249 incl 


















to 18 Incl 0.001 0.0015 0.0015 0.002 0.002 0.0025 0.003 0.0035 0.004 0.0045 0.006 0.007 0.009 

18 * 36 * 0.0015 0.0015 0.002 0.002 0.0025 0.003 0.003 0.0035 0.004 0.0045 0.006 0.007 ).009 
M S 48 0.0025 0.0025 0.003 0.004 0.004 0.004 0.005 0.005 0.008 0.010 0.011 
48 “ 54 0.004 0.005 0.005 0.005 0.005 0.005 0.008 0.010 0.011 
54 60 0.005 0.006 0.006 0.006 0.007 0.007 0.009 0.011 0.013 
60 “ 66 0.006 0.608 0.008 0.010 0.010 0.012 0.014 0.016 
66 72 0.007 0.010 0.010 0.012 0.012 0.014 0.016 0.018 
2 8 0.008 0.010 0.010 0.013 0.013 0.015 0.017 0.018 
8 84 0.009 0.011 0.011 0.014 0.014 0.016 0.01 0.018 
84 90 0.012 0.012 0.016 0.016 0.017 0.017 0.018 
90 96 0.018 0.018 0.019 0.022 0.024 











0.020 0 





020 





0.023 





0.026 





0.028 


Table [1X—Thickness Tolerances for Magnesium Strip and Sheet 





THICKNESS, IN 
WIDTH, IN 
0.015 to 0.036, inclusive 0.037 to 0.050, inclusive 0.051 to 0.080, inclusive 0.081 t ).250, inclusive 


Under 36 0.002 0.0025 0.003 5 Percent of sheet thickness 


36 to 50 0.0025 0.003 0.004 5 Percent of sheet thickness 
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From ASME Paper 
The Machinist 
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N= | — > 
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FIG. 2 


Yield Strength, psi 


Table I—Effect of Size on Minimum Mechanical Properties of Hand Forged 1áS-T6 Alloy 





Elongation 


Ter Strength, ps 0.2% offset percent in 2 in 
Longi Long Short Longi Long Short Longi Long Short 
tudir trans trans tudinal | trans trans tudinal | trans trans 

S ers vers verse verse verse 
65,000 62,000 59,000 55,000 55.000 55,000 10.0 6.0 3.0 
65,000 62,000 59,000 55,000 55,000 55,000 10.0 +.0 2.0 
05,000 62,000 59,000 53,000 53,000 53,000 9.0 5.0 2.0 
65.000 62,000 59,000 53,000 53,000 53,000 9.0 3.0 1.0 
62,000 59,000 56,000 50,000 50,000 50,000 7.0 3.0 1.0 
62.000 59,000 56,000 50,000 50,000 50,000 7.0 2 1.0 
60,000 57,000 54,000 48,000 48,000 48,000 5.0 2.0 1.0 
60,000 57,000 54,000 18,000 | 48,000 48,000 5.0 2.5 1.0 








Chart Courtesy of Alcoa 


Problems in the 


How strength requirements, weight, cost, 


n i i ry ror 
s b stimulated by demands fo 
] 1 1 
pg r str lf [ ncy nd py th 
potential s ind production capa 
ss program. Most d 
£ s wil vt nat a gain in struc 
It from the us 
1 : 
irs ponet properly d 
1. Other factors, however, must b 
l L) Siz ) weight, (3) 
(á) press ipacity and 
Size of Forging 
S rgi used, in genet 
S | omponents tł 
iT 5 ) Str etn hara« C S 
) I nsiderit 
Fig. 1—(left, above) The differences 


in strength and ductility become even 
more pronounced as directionality is 
considered. A longitudinal element on 
billet ultimate 
tensile strength of 75,000 psi while a 
short transverse element in a large bil- 
lets develops only 64,000 Ib per sq in. 


a small develops an 


Fig. 2— (left) Several methods used to 
obtain the desired thickness taking in- 
to consideration tolerance 
and the possibility of machining excess 


material from the design tvpes shown. 


die-closure 


strength, th 


plan area of the 
rly critical; 


rorging 


is not particula however, the 


thickness and cross-sectional area ar 
ritical, for as they increase, the mat 
rial properties decrease in two in 
portant ways 

1. The material becomes less un 


form and is lower in strength and 
ductility. This condition results from 
a reduction in working of the mat 


rial especially towards th nter o 
the billet 

>. The ductility of tl terial 
becomes mor directional with 1 


marked decrease in the transvers 


directions. Lowest ductility is et 
countered in the short sverse d 
rections 
The conditions are of part ular in 
portance in iluminum alloys. Var 
tions in strength and elongation it 
fied directions with respect to area 
and thickness ar shown in Tables | 
ind II and Fig 1. This data are ap 
plicable specifically to 14S and 75S 


hand-forged billets within the limits 


ndicated. It should be noted that 


5S material the ultimate longitudinal 
nsile stren 'th of bill ts | SS than 16 
sq in. in area is 4,000 greater than 
billets ex ling 36 sq in. iri area. In 
h Sa billets IOI ution in the 
longitudinal direction. varies from 9 





IC 


Table II—Effect of Size on Minimum Mechanical Properties of Hand Forged 75S-T6 Alloy 





Yield Strength, psi 
0.2% Offset 


Tensile Strength, psi 


Area Length 

Longi Long Short Longi- 

tudinal | trans- | trans- | tudinal 

verse verse 

Up to 16 sq. in. incl. Up to 3x width incl. 75,000 | 75,000 | 72,000 64,000 
More than 3x width 73,000 | 73,000 | 70,000 62,000 

Over 16 to 36 Sq. in Up to 3x width incl. 73,000 71,000 68,000 61,000 
ncl More than 3x width 71,000 | 69,000 66,000 59,000 
Over 36 to 144 sq. in Up to 3x width incl 71,000 69,000 66,000 60,000 
incl More than 3x width 69,000 67,000 64,000 ^ 58,000 





- 


Elongation 
Percent in 2 in. 


Long | Short Longi- Long | Short 


trans trans tudinal trans trans 
verse verse verse vere 
63,000 63,000 9.0 4.0 1.0 
61,000 61,000 8.0 3.0 1.0 
60,000 60,000 7.0 3.0 1.0 
58,000 58,000 6.0 2.0 1.0 


58,000 58,000 


56,000 56,000 3.0 1.0 1.0 


Chart Courtesy of Alcoa 


Design of Large Forgings’ 


and press capacity effect the design of very large forgings. 


percent in the small size to 4 percent 
in the large billets 

Although the foregoing € xamples re- 
fer to hand-forged billets, equivalent 
differences are likely to exist in the die 
forgings with similar thicknesses and 
cross sectional areas 

The reduction of strength and 
elongation with increase in thickness 
are a natural phenomenon with metals 
and are not serious as long as pro- 
visions are made for them in the de 
sign. With the growth in forging size, 
it is essential that the following pre 
cautions complement the normal design 
practices used in smaller forging de- 
sign: 1) maintain the smallest possible 
cross sectional area compatible with 
final part requirement; 2) avoid ex- 
cessive thickness; 3) avoid loading in 
the short transverse direction: {) à 
count for reductions in strength and 
elongation caused bv size effects; 5) 
specify rough machining of forging 
prior to heat-treatment to obtain maxi 
mum material properties and corrosion 
resistance; and 6) carefully consider 
the grain direction for orientation with 
respect to loads 


Forging Weight 
The potential of weight reduction is 
one of the prime reasons for encourag- 


ing the use of large forgings. Sub 
stantial savings in weight can result 
from the elimination of joints and ec 
centricities and a more efficient dis- 
position of material. Care must be exer- 
cised, however, to prevent weight 
penalties resulting from the use of the 
forging itself. 

The attainment of maximum ef- 
ficiency in structures demands that a 
minimum amount of material be used 
and that the material work to the high- 
est possible stress level. In beams, the 
web thickness should be no greater than 
required by the shear load. The caps 
should taper in area with the variation 
of bending moment to maintain high 
stress levels. The beam cap centroids 
should be as far removed from the 
neutral axis as possible to produce 
maximum section properties for mini- 
mum weight. These requirements have 
brought demands for thinner webs and 
smaller draft angles in die forgings. If 
suitable thickness and draft cannot be 
produced in the die forging blank, then 
they must be machined into the finished 
part. 

Several design configurations, Fig 2, 
have been used to obtain desired thick 
ness at low cost. The channel type of 
design is highly recommended wher: 
it can be used. The "Y" dimension can 
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be accurately held since the cavity is 
entirely within one die and the die 
closure tolerance is accumulated in thi 
web which can easily be reduced in 
thickness by a simple slab-type cut. As 
a result, the weight of such parts can 
be very consistent. The raised-pad-type 
of design can be used where an “I 
section is desired. This configuration is 
satisfactory, if there is zero die closure 
tolerance. If large closure tolerances 
exist, weight control with simple mini 
mum machining may not be possible 
Punchouts are always satisfactory pro 
viding die closure tolerances can be 


minimized 


1 


Design suggestions for economical 
production of dies and parts can Lx 
found in forging handbooks and draft 
ing room manuals. (See also the fol 
lowing forging design article.) Th 
information contained in them applies 
equally to large die forgings, although 
experience with new heavy presses may 
revise some of the more conservati 


recommendations given 


Web thicknesses will decrease as th 


Design Consider a tated sth Lar 
Aluminum  Forgin ( X Andrew Dougla 
Aircraft Co 
What are !! Poter é Larg Forgin 
Presse a W R High Du Alloy 




















Table 11]—Cost Relationship for Several Forging Designs 





Die Cost Set 


Machining 


Design Typi Tota t p charge and and tooling 
ost, peri t piece price, cost, percent 
percent 
Hand forged billet 00 39 61 
Blocker die, 15,000 t 13 57 
3locker die, 18,000 tor 2 46 54 
Interim forging, 18,000 tor 63 61 39 


Refined forging, 35, 


000 ton 


larger capacity presses go into opera 


tion but if die-closure tolerances con 


nue to remain at their present levels, 


of little value 
weight 


the thinner webs will b: 
Assuming that a 5 

is reasonable 
webs 


pe rcent 
a forging with 
have 


1 
tolerance 
to have a 


0.0125 in 


50 in would 


di losure tolerance of 


Tolerances of this magnitude may be 


possible but at present, recommended 
die closure tolerance on a part of 1,200 
sq in. area with 0.75 in. web thickness 
s ).19 if which is 25 percent of the 
thickness. In terms of weight, this add 


material would amount to 22 lb 


not removed by machining 


Areas exceeding 2,000 sq it will be 
ossible with the new 25 000 ton and 
OOO ton presses In 2.000 sq 1n., 

ranci M 0.05 in increases th 
weight 6 lb. Although this toleran 
iy be considered reasonable, it is an 


cation of weight penalties induced 


a small tolerance. Proposals to 


V 


f 
partially machine rough forgings prior 


the finish die operation may reduce 
th web thickness and die-closuré 
bl 
Forging Cost 
Exper has indicated that sav 
in money, manpower, and elapsed 
be achieved by the substitution 





Fig. 3—Finished wing bulkhead designed as a forging; weight of 
aluminum component is about 90 pounds. Several design studies 
were made before using the channel-type of forging shown. 


of well-designed single-forged units in 


lieu of complicated nultipiece assem 
blies. The designer must have the 
ability to: 1) select the proper appli- 


cation; 2) use known design practices 
to minimize die cost; 3) select the 
proper and 4) blend the 
forged blank and finished product de 


that complex machining is 


material; 


signs SO 
avoide d 
used where 


Forgings arc generally 


their qualities of strength, grain ori 
disposition are 
large 
forgings it 
them where 


entation and material 
view of the 
with 


foolish to use 


useful. In 
tolerances 


most 
associated 
would bx 
could be 
used at no penalty in strength and pos 
sibl Typical applica 
tions for large forgings, in aircraft, are 
wing S heavily loaded frames, ribs 
ind bulkheads, floor beams, gear sup- 
port structures and attachment 
fittings. Most of represent flat- 
webbed beams or truss type construc 
tion. Complex single or double con 


loser tolerance extrusions 


e€ saving in COSI 


Spars, 


major 
these 


toured elements in large sizes should be 


DOSSI ble 


in the new heavy presses, but 
s the design deviates from a flat plane, 
die machining becomes more difficult, 
side thrusts are induced and, in general, 
osts rise severely 


The two aluminum forging alloys 





generally used for large forgings are 
14S and 75S. The selection of one over 
the other can influence cost as well as 
strength. The 75S material is more 
difficult to forge; thus more stage dies 
are required. As the number of opera 
tions the die life is reduced 
and die cost and piece price will be 
higher. Conservative estimates place a 
20 to 30 percent cost penalty on the use 
of 75S in place of 14S because of these 
factors. In some applications, 14S could 
be specified without penalty, 
larly where rigidity 
the design criteria 

The relationship of the forging 
blank to the finished part is probably 
the more important to cost than any 
other consideration. The variation in 
cost with forging blank design is easily 
explained by the following example 

A single piece wing bulkhead, Fig 3, 
is to be fabricated from a 75S forging 
with an area of 1,200 sq in. The refined 
forging, Fig 4A, all require a press 
of 35,000 ton c apacity. As the press 1s 
not available an interim design 4B, is 
designed capable of being produced on 
existing 15,000 ton to 18,000 ton 
presses. Fig SA shows the bloc ker-type 
design proposed for the 15,000 ton 
press and Fig 5B, the design for the 
18,000 ton press. For immediate pro 
duction a hand-forged billet, Fig 6, 
could be usc d 

With the various designs formulated 
made and are 
Table III. The most expen 
sive configuration was the hand-forged 
billet. With this established as unity 
all other configuration were compared 
o it in terms of percentage. This 
comparison indicates that material 
costs are fairly constant; the major sav 
ing resulting primarily from reduced 
machining costs. Closer tolerance forg- 
ings, even at increased die costs, may 
prove to be the most economical over 
all approach to forging design 


increases, 


particu- 
requirements set 


cost estimates were 


shown in 

















‘ig. 4—Forging blank for wing bulkhead. Cross section view A rep 
sents refined forging size for a 35,000 ton press; B is the in 
design for an 18,000 ton press. A weighs 210 Ib; B, 260 poun 
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Capacity of Presses 

Based upon the information already 
presented — that of size, weight, 
strength and cost—the next problem is 
capacity of the press needed to produce 
a design. i 

Size, in terms of projected area of a 
part at the flash line can be roughly 
estimated to be on an average of 35,000 
psi of pressure required to flow metal 
for each square inch of such projected 
area. Whether the part is a simple or 
complex pressing will govern this 
value. Fig 7 shows a relationship be- 
tween press capacity and plan or pro- 
jected area. Hence for a pressing of 
2,000 sq in.—which might represent a 
part about 4 ft in diameter or 2 ft wide 
by 6 ft long trimmed of flash—a press 
of about 20,000 tons would be needed 
if the part were simple or about 40,000 
ton if the part were a complicated 
pressing. 

A simple or complex pressing can be 
best defined by use of Fig 8. The curve 
indicates the minimum pressure needed 
to upset a slab of constant cross sec- 
tional area—again of 2,000 sq in.—but 
at various thicknesses and at a tem- 
perature of 750 F. The significant point 
is in the way that the specific pressure 
needed to move the metal increases as 
the thickness approaches 2 in.—thick- 
nesses such as are to be used for large 
forged components. 

This is an ideal forging in that the 
edges of the slab are free to move with- 
out restriction; however, this condition 
is seldom fulfilled in practice, as the 
metal is more or less confined in a die 
cavity. It is only by restricting lateral 


spread that it is possible to fill the ribs 
and bosses of an intricate die form. 
The curve of Fig 8, also shows clear- 
ly why it is not possible to achieve 
much with a specific pressure less than 
10 tons per sq in., but the upper limit 
of 20 tons per sq in. needs further ex- 





Fig. 5—Blocker type design for wing bulkhead. Cross section view A 
is for 15,000 ton press while B is for 18,000 ton press. Weight of A 
is 380 Ib and that of B, 246 pounds. 


planation, especially since die steels 
have a yield strength at 750 F of well 
over twice this value—45 to 50 tons 
per sq inch. 

As has been proven in practice, when 
making a die pressing the loading on 
the die face can be so uneven as easily 
to cause die deflection and loss of di- 
mensional accuracy. It is difficult to get 
a perfect distribution of metal in the 
die cavity, but even when this is 
achieved there will be some areas where 
metal is less free to flow than in others 
and a greater proportional share of the 
total press load will be carried. This 
unequal distribution of metal can cause 
excessive distortion and loads in local- 
ized areas of the die that will exceed 
the yield strength of the steel 


Quality 

It is difficult to anticipate the effect 
of increased forging size on quality. 
The ability to produce larger ingots of 
good quality has not yet been estab- 
lished. If the material is sound in the 
inget form and proper design is used, 
the resulting forging should turn out 
good. Most forging defects, such as 
laps, flow through and cracked fillets 
are visible on the surface and can be 
easily detected. Unhealed porosity, 
however, requires the use of sonic in- 
spection devices for detection, in most 
instances. As forgings grow larger it 
may be necessary to refine the quality 
control procedures and expand the 
sonic inspection methods to assure high 
integrity. 

To produce sound castings of a size 
necessary for 50,000 ton presses, one 
method that is being tested is the Di- 
rect Chill process. It is believed that 
ingots produced by this process will be: 
1) uniform in chemical composition; 
2) fine in grain structure; 3) free from 
cracks, splits and harmful porosity; 
and 4) clean with respect to non- 
metallic inclusions. 


20 Tons per sq in 
Difficult 
pressing 


T^ /O Tons per sq in 
Simple pressing 


3000 4000 


Fig. 7— Relationship between press capacity 
and plan area of die forging at various pres- 


Press Tons" 10,000 20000 


12 


Thickness, ir. 


Fig. 





30000 


40000 





3.45 6 7 8 9 IO II I2 13 14 I5 16 17 18 1920 
Specific pressure tons /sq in 


8—Approximate relationship between 


upsetting pressure and thickness. 





Fig. 6—Hand forged billet for immediate production of wing bulk- 
head. Area is 1,800 sq in. and weight is 1,000 pounds. Machining and 


tooling costs make this the most expensive design. 
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Checkpoints for Practical 


Limitations and allowances necessary in both die and product design to insure 


Locoting droft angie 


I 
| | | ee 
Va Greater than 7°? 














LIMITATIONS 


draft 
ongle 


otural droft | 
— Draft mus! 

be machined 

turo! off | 





o! these 


Draft angle—Where normal drafts do not match, increase 
draft in one die so both sides meet at the parting line. Us- 
TAI" ing natural draft angles can minimize weight and subse- 

M quent machining. Standard draft angle for forgings is 7 
deg. U-shaped aluminum fittings should have 5 degrees. 











Forging 
plane | 
sc 
End radius — Normal draft should be 
C sl maintained on circular sections, Ends of 
ae forgings should have a radius equal to 
l twice the sectional diameter. 
-i. Radius ( 20) 
A^ L s) 
SANE The 
Parting line — Use a Desirabie Undesirable 
straight parting line, where ee 


possible, so one die-half 
contains all the impression 
to shape the part. To sim- 
plify die sinking and trim- 
ming, external webs less 
than 5/32 in. thick should 


have parting line coincide 


with one web surface. 





Forging plane — Should 
other than a straight part- 
ing line be required, the 
forging should be inclined 
with respect to the forging 
plane. Dies with counter- 
locks to compensate for 
side thrust are expensive to 
build and troublesome to 
maintain. 


exists When o recess ! 


exists When neither exists 





Ploce PL here with 
option for PL. ot 
center of web | 


Piace part? PETE (B) Ploce porting (C) 


LA) 
: line here line here 











Vif if ff ff ff ff Forging Forging 
Die f J plone Die plone 
i RA f tock 
fock T 
E Forging N Dd 
Parting 
/ine 
Preferred Not recommended 








D FABRICATION AND PRODUCTION PROCESSES 
From DOUGLAS AIRCRAFT COMPANY STANDARDS 


Forging Design 


sound forgings. Tolerances specified are for general drop forging practice. 


PROPORTIONS 


























7 
g 
| Vorying width 
| ot bose of rib 
a 
N = =: 
23 
9 Constant width 
S at top of rib 
v JF min Constant edge radius 
o sedi "` 
o i S K 
ul Constant draft angle. \ 
v 
H Constant fillet rodius 
7 > 
| A > 
o LR —Ó— S ———— Xo 
i 2 3 4 5 6 7 8 
H-Height of edge above parting line inches 
. Forging dimensions can vary by mismatch, closure, straightness, shrinkage and die wear. Listed tolerances are recom- 
mended where such forging dimensions as edge distance, machining, strength are critical. An extra 3/32 in. must be 
added to any dimension which will be machined after the final forging operation. 
Note: when 2” is greoter__ 
2 than 3x B" increase Re, + 
25 z HM-B > 
wn 
j 
£ 1 MD 
€ ry 
"2 af 
= | l 
3 di 
E 
2. Use Re for minimum radius 
u 
in plan view whether web ^ — —— 
v 0 r 2 3 4 5 e 7 is confined or not )) 


H-Height of rib (or boss) in inches 


Fillet radii—Minimum values are indicated. Radii depend upon 
height of rib or boss above next forging level and whether or 


not metal is confined at web. For steel, there is no value change keH 
between confined and non-confined webs. 


Use height at the % 
point os shown c 





Perting line^ 


Tapered flanges — Un long 

tapered flanges ending at 

heavier sections, the edge ra- 
dius can be decreased to ob- 

tain weight saving by using a 

height value at a point equa! 
to 2/3 of the length. 


D= 2/5 W mox 
E 


Cavities—Length of round pockets should not exceed 2/3 of the 
width. For parallel ribs, the depth should not exceed the width. 


































Checkpoints for Practical Forging Design (continued) 


PROPORTIONS - Continued 





Parting line -— — — -> 
s . 
£ A -—. 
z : 
: 
x 
z 
£ 
2 
v 
P | 
E | j 
3 : : 
E A 4 A an | be 
c | 
= | l Yse totol plon orea Web thickness ^^ 
i at the porting line 
9 234 68 20 3040 6080 200 300 600800 2900 fexcluding punch-outs } Section A-A 
i 5 10 50 100 500 1000 (éifher view) 
Totol plon orea in squore inches 


Web thickness—Webs of forgings should be at least as thick as limiting proportion shown. 





V-shaped fittings—Aluminum 
alloy “bath tub” type forg- 
ings with the parting line at 
the rib edges should conform 
to indicated proportions. In- 
side radius values should be 
exceeded if possible. 


) 


(R, 


Rodius 









r = t Recommended) 
R, = Chort value 
Ra: R,tt 


— font of tongenc 
» gency 


Punch -out 
da hole- 


PL 





rz Tangent point > 





Punchouts—Aluminum alloy forgings should be punched through ___Punch-out — 
flat portion of the web. If ribs are flat topped, fillets can be — dia hole 
punched out with webs. Steel forgings can be punched either way. 

Minimum punchout values % in. hole dia, % in. radius. Maxi- 

mum punchout web thickness is 3% in. Recommended spacing 

between punchout perimeters is twice web thickness. 
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D FABRICATION AND PRODUCTION PROCESSES 


TOLERANCES 


IF DIMENSION B IS 1/32 IN. OR 
GREATER THE COINING PROC- 
ESS CAN HOLD CLOSURE DI- 


Closure 
| 
| 
i MENSION to +o.010 IN. BUT IT 
CANNOT IMPROVE DIMEN- 
SIONS BETWEEN BOSSES. 









— Shrinkage and die weor 
+ 4 per 12 in 


Straightness tolerance 
!$« per 9 in 


Corner and edge radii—Minimum proportions are shown for steel and aluminum forgings. Keeping draft angle, fillet 
radius, edge width and radius constant along a rib of varying height or with taper simplifies die sinking. 


Special designs incorporating bending, twisting, double or left and right hand 
parts, and welding should be analyzed separately for each specific application. 


Mismatch Tolerances 


Weight of Forging, Ib. Tolerance, in. 


| 
Pe PT _ ALUM |. STEEL 


0.015 0.010 
0.018 0.012 
0.021 0.014 
1 | 0.024 0.016 


For each 6 lb.. í + add add 
0.003 0.002 


Closure Tolerances 


‘Tolerance, in. 





0—X 
144—464 
15—1 

1—4 

4—17 
17—24 


24—50 

50—100 
100—250 
250—UP 
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From AERONAUTICAL ENGINEERING REVIEW 


Choosing the range of 20,000 psi. 
C 


Choosing between die, sand or permanent-mold casting methods, 
selecting the proper alloy to meet service conditions, and purchas- 
ing from a foundry of recognized capabilities should be based on 


twelve fundamental considerations to obtain lowest overall costs. 








Setting a large die on a modern die-casting machine. Four-bar 
horizontal hydraulic machines are being used to produce aluminum 





FLOYD A. LEWIS, \ 
l. | 
! 
B l 1 1 as 
5 I produ 
i 
s, tl urticularly 
ot ident 
1 ] NO SI 
blished 
I econot 
I nd unite mus 
| d 1 < 1 ] [ ) ss feas 
uitable f Ww as O h been mad 
S | net t-mold castings 


Product Engineering — 1954 Annual Handbook 








allov castings weighing over 20 lbs. Injection pressures are in 


Aluminum Alloy Castings 


mechanical properties 


ity, smoother surfaces 
} 


ional tolerances, and bet 
ightness than sand cast 


made by this method 


juire less metal for the 


stress than sand castings 


rfaces and closer di 
rances mean lower ma 
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I! bv the full permanent 
can be cast using iron 
E res This combination 
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Examples of various parts being produced by the die-casting method. Modern 
automatic plunger machines need only one man to operate, and perform ap- 
proximately 500 casting cycles per hour. For small parts, multiple cavity dies 
ean be used to boost production still higher. 


low unit cost characterize the die-cast 
ing process. In reproduction of sur 
face detail and surface finish, die cast 
ing is superior to other methods. Thin 
ner sections possible with this meth 
od permit substantial savings in meta! 
Dimensional accuracy, smooth surfaces, 
and ability to cast threads and core 
holes contribute to minimum finishing 


cost. The weight range is from a fra 


tion of an ounce up to about 20 Ibs 
Die castings having overall dimen 


sions up to 36 by 12 by 9 in. are being 
produced, but the dimensions in one 
direction may exceed thes castings up 
to 84 in. in length having been pro 
luced 

Table I shows the relative advan 
tages of the three casting methods on 
the basis of production cost considera 
tions and casting characteristics. This 
comparison serves as an initial analy- 
sis for selecting the most suitable cast 
ing method 


2 DETERMINE the mechanical and 
* physical requirements of the part 
so that the proper alloy, suited to the 
casting method, can be selected 
First decision to be made in choos 
ing an alloy is whether one not re- 


quiring heat-treatment will give the 
necessary mechanical and other prop 
erties or whether a heat-treated allo; 
is required. Heat-treatment increases 
the strength but often lowers ductility 
Die-casting alloys are not usually heat 
treated. In some cases, however, aging 
treatments are given at relatively low 
temperatures 

Although tensile strength is perhaps 
the most significant single mechanical 
characteristic to be considered, an al 
loy should not be chosen on that basis 
alone. Yield strength, elongation, hard 
ness, and compressive, shear, and fa 
tigue strengths also may be significant 
in any particular application 

Attention must also be given to the 
casting qualities. For simple designs 
where high strength is not a factor, 
casting qualities do not require spe 
cial consideration; but, if the design 
is complicated or if the castings must 
be pressure tight, an alloy having good 
casting qualities should be used 

If the castings will be exposed to 
corrosive elements, an alloy having 
high resistance to corrosion should be 
used. Machinability is a characteristic 
that should receive consideration for 


castings requiring considerable ma- 
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D FABRICATION AND PRODUCTION PROCESSES 


Table I—Comparison of Sand, 
Permanent-Mold, and Die Castings 





z 2 v 
3$ :3 i 
Q a" & a 
y E ay 
e v. n. 
d aa| 24 
Strength 2 1 2 
Structural density 2 1 3 
Reproducibility of suc 
cessive castings 3 2 1 
Pressure tightness 
after machining 2 1 2 
Cost per piece (b j 2 1 
Speed of production (b 3 2 1 
Flexibility as to alloys 1 2 3 
Tolerances 3 2 1 
Flexibility of design 1 2 3 
Size limitation 1 2 3 
Surface 3 2 | 
Speed of getting into 
production 1 2 2 
Pattern or mold cost 1 2(c 3(d 
Thickness of section 3 2 1 


— —á—— Ó 

Ratings 1, 2 and 3 indicate the relative ad 
vantages of the three methods for each factor, 
number 1 being the most advantageous 

a) Thin die castings of uniform section may 
have first classification in the “as cast” condition 

b) Although this rating covers the majority 
of castings, in some cases either sand or per 
manent-mold castings may take first place 

c) The cost of permanent-mold equipment 
may be equal to or less than production sand 
cast equipment for large or complicated castings 
adaptable only to these two processes 

d) The cost of dies plus the cost of tooling 
for machining or finishing is frequently less than 
the same overall cost for sand or permanent-mold 


castings 
Le 


chining. While ease of machining and 
inishing is one of the outstanding gen 
eral characteristics of aluminum cast 
ings, some alloys machine easier than 
others. 

Where the castings must retain their 
strength at elevated temperatures, an 
alloy possessing this characteristic must 
be used. Some parts require good re 
sistance to wear in addition to high 
strength at eles ated temperatures. Other 
parts require this combination of prop 
erties plus good casting and machining 
characteristics 

Many special-purpose alloys have 
been developed for applications where 
specific characteristics are desired. Their 
usefulness, however, usually is limited 
to particular applications, and they 
should only be specified when needed 

Castings of lowest cost are obtained 
by keeping specifications as simple as 
possible. In other words, a heat-treated 
alloy should not be specified if a non 
heat-treated one will do. An alloy hav- 
ing difficult casting characteristics 
should not be selected if one easier for 
the foundryman to handle will serve 

Table IT, HII, V list necessary data 
to aid in the selection of the proper 
alloy to meet physical requirements 
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Table Il 


Classification of Commercial Aluminum Casting 


Alloys by Type of Application 


Application 


Gener al Purpose All s 


General Purpose Alloys where Pressure Tight 


ness is Required 


Casting Method 


Permanent 


Mold 


S12A 

SC54A 
4 SC84B 

SG100A 


C4A 

CS43A 
SC64B 
SC64C 
ZG61A 


CS42A 
SC64B 
SC64C 


SC84B 
SG100A 


CS72A 
SSA 

SC51A 
SG70A 


CS72A 
SSA 

SC64A 
SCSIA 
SG70A 


G8A 
S12A 
SG100A 


SSA 
G4A 
GS42A 
SG70A 
ZC81A 
ZG32A 
GZ42A 
ZG61A 
ZG61B 


S5A 

GS42A 
GZ42A 
SG70A 
ZC60A 
ZC8IB 
ZG32A 
ZG42A 


G8A 
S5C 
S12A 
SG100A 


S5A 
S5B 
G4A 
G10A 
GS42A 
SG70A 
ZC8IA 
ZG32A 
ZG42A 
ZG61A 
ZG61B 


SSA 

SSB 

GZ42A 
SG70A 
ZC81B 
ZG32A 
ZG42A 


SC84A 
SC84B 
SG100A 


CGI100A 
CN42A 
SC51A 
SC82A 


CG100A 
CN42A 
SN122A 
SC51A 

CS104B 
SC122A 
(SC84B CG100A 
CN42A 


CG100A 
CN42A 
CS66A 
SN122A 
SC122A 


LLL 


Note: When service temper 


hi 


above 


isters 


1 Service 


proximat 
the aluminun 


600 F, die castings may develop surface 


entatively 


chosen, bids 
requested from at least three 
so that the buyer will have 
that the 


will be re presentative 


foundry 


assurance 


l 


consideration in s 


the foundries 


repu 
sistency of quality and 
es having considerable 
type of 
ion should be 


important 


ing the 
lor 


nder considerat 


It is 


produ 


hosen equally to be 


Product Engineering 


sure that these foundries have the fa- 
cilities to produce the castings at the 
required production rate. Both the total 
quantity and required rate of delivery 
must be specified, for these are im 


portant factors in determining costs of 


"ny type of casting. 


SUBMIT DETAILED DRAWINGS and a 
* model or test pattern when avail- 
able; in a reorder, submit a sample 
casting as previously made 
Each bidder should be given a de- 
tailed dimensional drawing of the part 
and full information on service condi- 
tions. In preparing drawings, all sur- 
faces to be machined should be clear- 
ly indicated, as well as permissible di- 
Close tolerances 
should be specified only where neces- 
Dimensional tolerances can be 
held closer in permanent mold than in 
sand while in 


mensional tolerances 
sary. 


castings, die castings 
still closer tolerances are possible 
Except where a pattern, mold, or die 
is already available, the buyer should be 
sure that bidders have adequate facili- 
ties for designing and producing such 
This is important if the 
part is to be made by either the per 
manent-mold or die-casting process. In 
allowances must be made 
for shrinkage of the metal as it solidi- 
so that either 
attern or the casting may be easily 


€ quipmc nt 


any event, 


fies, for adequate draft 
the | 
removed from the mold (depending 
upon which process IS used), and for 
! 


finishing wh ichined surfaces are 


Juir 


n SPECIFY SERVICE CONDITIONS in de- 
* tail, and indicate machining locat 
ing points 

Conditions must be specified in or 
der that the foundryman may bid ac- 
urately on the production of castings 
that will meet Points 
of high stress should be specified, as 


those conditions 


well as pressure tightness, if that is 
required If the castings are to be used 
where corrosive influences are present, 
these conditions should be clearly and 
fully described. If temperatures at 
which the castings will function differ 
materially from y room tem 
perature, these must be clearly indi 
ated. Aluminum alloys are stronger 
at low ten 


ordinary 


»eratures than at room tem- 
lose some of their 


Y 
I 
peratures, but they 


strength at elevated temperatures. If 
any of th 
to wear, thes 


casting surfaces are subject 
should be clearly 
uracy, the 


indi 
main machin 
ion points should be specified 
before the patter 


cated For a 
ing locat 
| mold, or di design 
is determined 


b DETERMINE if sup 
® pliers have the necessary equipment 


and facilities to assure the attainment 


prospe ctive 
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of specified physical and mechanical 
properties consistently. 

Buyers should ask the foundries if 
they have accurate temperature-control 


p a lic 
equipment for proper handling of the Normally Suitability for 
metal. They should also ask if the Alloy Corrosion Casting Heat Machin- 


ASTM Resistance Properties Treated ability 





Table III—Relative Properties and Characteristics of Commercial 
Aluminum Casting Alloys by Casting Method 










foundries have inspection. procedures 
and laboratory facilities to assure at 
tainment of specified properties in the 
finished castings. 


Welding Brazing 





DIE CASTING ALLOYS 











One of the important matters is 

















































! ; G8A 1 3 2 
whether the prospective supplier has ssc x i : 
a quality-control setup adequate to as ” 
sure the production of good castings S12A, B 2 1 |; 
meeting the specifications consistently. Se © : 3 
Foundries with good quality control SCA, B . 1 
. " SG100A, B 1 1 1 
setups will usually be equipped to per 
form all types of inspection or will - 
have fac lities wwailable for performing ——— — 
them when necessary. A well-equipped i 
foundry with adequate quality control C4A 2 2 Yes 1 2 No 
also will have laboratory facilities for CG100A 3 2 Yes 3 No 
making both chemical and mechanical CN42A 2 3 Yes l 3 No 
tests CS43A 3 1 No 1 1 No 
CS72A 3 1 No l 2 No 
> S . nee :e 
l. : x = TINC oe a. gh- G4A i 3 No 1 : No 
rengtn a y, make sure pros] ective G10A 1 3 Yes 1 3 No 
suppliers have adequate heat-treating GS42A i . No ; No 
equipment with accurate temperatur. i 
control S5A 1 1 No 3 1 Limited 
The buyer should also satisfy him SSB 2 1 No 3 1 Limited 
self as to the foundries' ability to per SC51A 2 l Yes 2 1 No 
form heat-treatment. Attainment of SC64B 3 2 Yes 2 1 No 
maximum strength in heat-treated cast- SC64C 2 l Yes 2 l No 
ings requires that temperatures in the SC82A 2 1 Yes 2 1 No 
heat-treating furnaces be held within SG70A 1 1 Yes 2 1 No 
close limits for specified lengths of ZC81A 1 3 Aged only 1 ; Was 
time. Facilities for rapid quenching 2G32A i ; As 1 ; 
also are necessary r ` ged only l 3 Yes 
ZG42A 1 3 Yes 1 3 Yes 
8 INVESTIGATE the experience of oth ZG61A l 3 Aged only l 3 Yes 
® er customers with prospective sup ZG61B 1 3 Aged only 1 3 Yes 
lie rs 
As in other businesses, satisfied cus PERMANENT-MOLD ALLOYS 
tomers are a supplier's best recom 
mendation. This is particularly true in CG100A 3 2 Yes l 3 No 
the aluminum-casting field where the CN42A 2 3 Yes l 3 No 
difference between a satisfactory prod CS42A 2 < Yes 2 3 No 
uct and an unsatisfactory one depends CS104B 3 < No l - No 
largely on experience and on good pro CS66A 3 2 Yes : 3 No 
duction equipment CS72A 3 l No 1 3 No 
AFTER a supplier has been tenta- Govan : No 1 3 No 
* tively selected, look over his plant GEIA 1 , No 3 No 
The buyer should ask to inspect the S5A 1 1 No 3 1 Limited 
plant so that he can see the equipment SSB 2 1 No 3 1 Limited 
that would produce his castings and — SC51A 2 1 No 2 1 No 
the conditions under which they would | SC64A 3 I No 2 1 No 
be made. Few reputabl foundryme n SC64B 3 2 Yes 2 l No 
will deny a prospective purchaser this SC64C 2 1 Yes ) l No 
privilege, and where it is denied th SC122A 2 3 Yes 3 1 No 
buyer should be cautious SG70A 1 1 Yes 2 l No 
An important point to obser In SN122A 2 3 Yes 3 l No 
visiting a prospective supplier is the : 
general housekeeping in the plant. If ZC60A 1 3 Aged only 1 3 Yes 
the plant looks clean, neat, and orderly 2CsiB l 3 Aged only l Yes 
(at least to the extent the nature of th ZG32A 1 3 Aged only ] 3 Yes 
business permits), it can be taken as ZG42A l 3 Yes i 3 Yes 
an indication that the foundryman 1 s i a a dal i-o 
alizes that cleanliness contrib i 7 ae id chara ristics are rank wit i ca ass asis of ¢ llent 1 
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Table IV—Composition of Commercial Aluminum Casting Alloys 
by Casting Method 





Alloy Designations Nominal Composition, Percent, Balance Aluminum 
Cop Man Mag Titan 
ASTM ALCOA SAE per Silicon ganese nesium Zin Nickel ium Others 





DIE CASTING ALLOYS 





G8A 218 0.2 03 03 8 0 0.1 0.1 0.1Sn 
ssc 43 304 0.6 50 0.3 0.1 0.5 0.5 0.1Sn 
S12A,'B 13 305 0.6 12 0 0.3 0.1 0.3 0.5 0.1Sn 
SC54A, B‘ 85 3.5 5.0 0.5 0.1 0.9 0.5 0.3Sn 
SC84A,'B 380 35 85 0.5 0.1 09 0.5 0.3Sn 
SG100A*.B 360 0 6 95 0.3 0.5 05 05 0.1Sn 





SAND CASTING ALLOYS 











C4A 195 38 4.5 1.5 03 0 03 0.3 0.2 
CG100A 122 34 10.0 2.0 0.5 ) 25 0 4 0.3 0.2 
CN42A 142 39 4.0 ) 3 1.50 ) 3 0 0.2 0. 2Cr 
CS43A 108 380 4 5 0 0 1.0 ) 2 
CS72A C113 33 ) 0.5 0.0 0.3 0.2 
G4A 214 20 3 ( : 0.2 
G10A 220 24 0 2 0.2 ) 1 10 0 0.2 
GS42A A214 0.3 8 0 8 40 0 A" 0 2Cr 
SSA 43 3 0 1 50 ) 3 0 0 0 0.2 
SSB 43 35 03 5 0 03 0 05 ) 3 0.2 0 2Cr 
SC64B 319 326 3 6.3 05 0 1 10 05 0 2 
SC64C 3 6 3 0 8 0.5 1 0 0.5 0.2 
SCSIA 355 322 13 5.0 0.5 0.5 0.3 0.2 0 2Cr 
SC82A 32 15 ^ 0.4 04 10 » 2 0.2 0 3Cr 
SG70A 356 323 0 2 0 0 3 03 03 02 
ZG61A 605 310 0 3 0 25 3 0 € s s 0.2 0 SCt 
ZG61B 05 0 15 05 0 6.5 02 
ZCB8IA 0 02 0 6 0.35 j 0.1 0 2 0 3Cr 
ZG32A 0 2 Ea 0.5 1.6 | 0 0.2 0 3Cr 
ZG42A 0.2 0 2 0.5 2.1 4 25 0.2 0 3C: 
PERMANENT-MOLD ALLOYS 
CG100A 122 34 i0 0 20 
CN42A 142 39 4 í i 50 0.2Cr 
CS42A B195 380 4 0 0.3 0 05 3 0 2 
CS104B 138 10.0 4 0 0.5 1 0 0.5 10 02 
*“CS72A C113 33 0 25 2.50 
CS66A 152 300 6.5 5.5 s )3 08 0.2 
*'GS42A A214 1.8 $0 
GZ42A B214 3 4 1 8 0.2 
SSA 43 TRU 
*SSB 43 15 s 0 
SC64A A108 4.5 5.5 0.5 0.1 1.0 0.2 
*SC64B 319 326 3 6 3 1.0 
*SC64C 3 63 1.0 
*SC51A 3155 322 1.3 5.0 
SC122A 328 1.5 12 0 0 0 0.4 0.5 0.2 
*SG70A 15€ 323 0 
SN122A A132 321 1.0 12.0 » 1 B. B 0.1 2.9 0.2 
ZC6U0A 0.5 0.3 0.05 0.35 6.5 0.2 
ZC81B 0 0 25 0 € 0.35 0.2 
*ZG32A 1.6 | 0 
*ZG42A 2.1 4.25 
————————— ——— Á-—— !———— — 
" Also used for sand casting 
From specifications of American Society for Testing Materials 
2. Maximum values 
3. Alloys SSA and SSB are identical except that impurities in S5A are held to lower limits, giving 


it greater resistance to corrosion. S5C is a similar alloy for die casting 


4. Impurities in these die casting alloys are more closely controlled than in the other die casting alloys 


of otherwise lentical composition. These alloys can be cast onl in Jd-chamber machines 
toward the production cf better alu good quality castings at the lowest over 
s - 11 " $ = 11 a e 
num alloy castings ul cost. His pattern cost may be high 
Buying aluminum castings involves 
10 Do NOT GIVE tl rder to th ore than getting several bids and 
lowest bidder unless there is rea ordering from the lowest bidder. Over 
sonable assurat that he will produ I! cost should be the criterion, and am 
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indications of possible difficulties, such 
as in machining and finishing or in ad- 
justing rejects, should be evaluated in 
determining actual cost of finished 
castings. Sometimes difficulties with 
machining and finishing and in ad 
justing rejects will wipe out any ap 
parent savings 


11 AFTER CHOOSING a supplier, en- 

* courage the fullest possible con 
sultation and collaboration between 
the design engineers and technical per- 
sonnel in the foundry 

This process should begin early 
enough so that any acceptable changes 
suggested by the foundry technical 
men can be incorporated in the final 


| 
design drawings 


12 CONSIDER ANY CHANGES the 

* foundryman suggests which might 
simplify production, reduce cost, or 
result in better castings 

Experienced foundrymen often can 
suggest changes that do not impair the 
efhiciency of the design or interfere with 
its functioning. Reputable foundrymen 
will offer such suggestions purely in 
the interest of producing castings that 


he ba 


will most economically meet t 
ers needs, and, therefore, the buyer 
should give such suggestions full con 
sideration in preparing his final de 


sien draw ings 


Other Production Methods 


A few parts can best be produced by 
other methods, such as the plaster 
nold process, investment or "lost wax 
method, and centrifugal casting. Parts 
requiring smoother surfaces and great 
er accuracy then can be obtained with 
any of the thre« principal processes 
can be cast in plaster molds. Some of 
the intricate parts of automatic auto 
motive transmissions which require 
great accuracy are being produc ed by 
this method. The investment process is 
also capable of great accuracy and 1s 
sometimes used tor small complicated 
parts that can be produced in groups or 
clusters. Aluminum pipe is cast by the 
centrifugal method, as well as a num 
ber of other parts ol special character 

If the part to be produced requires 
the use of one of these specialized 
methods, it 1s be st to discuss the prob 
lem directly with one or more of the 
foundries using the particular method 
in question 

Problems of tolerances, best material 
based not only on correct physical and 
nechanical properties but on the most 
economical production, intricity of part, 
type of finish, and other factors may 

iry considerably from one foundry to 


inother and so should be investigated 
with if by th prospi LIN buvet 
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Yield? Yield* Ball’ 
| Alloy Condition Strength Ultimate Elongation! Strength BHN Shear Endurance* 
(ASTM 0.2 «€ offset Strength % 0.2% offset 500-Kg Strength Limit 
| psi psi in 2 in psi Load, 10mm psi psi 
| 
| DIE CASTING ALLOYS 
| G8A As Cast 27,000 45,000 8.0 27,000 27,000 23,000 
| S5C As Cast 16,000 30,000 9.0 16,000 19,000 17,000 
j S12A As Cast 21,000 39,000 2.0 21,000 25,000 19,000 
$12B As Cast 37,000 1.8 
| SC54A As Cast 24,000 40,000 5.0 24,000 26,000 22,000 
SC54B As Cast 22,000 38,000 5.5 22,000 25,000 22,000 
SC84A As Cast 25,000 46,000 3.0 25,090 29,000 19,000 
SC84B As Cast 26,000 45,000 2.0 26,009 29,000 20,000 
SG100A As Cast 27,000 44,000 3.0 27,000 28,000 19,000 
SG100B As Cast 43,000 3.0 
SAND CASTING ALLOYS 
C4A Solution heat treated 16,000 32,000 8.5 16,000 69 24,000 6,000 
C4A Solution heat treated and aged 30,000 40,000 2.0 38,000 95 31,000 7,000 
CGI100A Aged 20,000 27,000 1.0 20,000 80 21,000 9,500 
CG100A Solution heat treated and aged 30,000 40,000 0.5 43,000 115 29,000 8,500 
CN42A Aged 18,000 27,000 1.0 18,000 70 21,000 6,500 
CN42A Solution heat treated and aged 25,000 28,000 2.0 75 24,000 9,500 
CS43A As Cast 14,000 19,000 1.5 
CS72A As Cast 15,000 24,000 1.5 17,000 70 20,000 9,000 
G4A As Cast 12,000 25,000 9.0 12,000 50 20,000 5.500 
G10A Solution heat treated 25,000 46,000 14.0 26,000 75 33,000 7,000 
GS42A As Cast 13,000 20,000 2.0 15,000 50 17,000 
SSA As Cast 9,000 19,000 6.0 10,000 40 14,000 6,500 
SSB As Cast 9,000 19,000 6.0 10,000 40 14,000 6,500 
SCSIA Artificially Aged 23,000 28,000 1.5 24,000 65 22,000 7,000 
SC51A Solution heat treated and aged 25,000 35,000 2.5 29,000 80 30,000 8,500 
SCSIA Solution heat treated and aged 29,000 35,000 1.5 75 10,000 
SC64B As Cast 18,000 27,000 2.0 18,000 70 10,000 
SC64B Solution heat treated and aged 24,000 36,000 2.0 24,000 80 10,000 
SC64C As Cast 18,000 23,000 
SC64C Solution heat treated and aged 24,000 31,000 1.5 
SC82A Solution heat treated 20,000 33,000 2.9 20,000 82 
SC82A Solution heat treated and aged 28,000 36,000 2.0 28,000 81 
SG70A Artificially Aged 20,000 25,000 2.0 22,000 60 18,000 7.500 
SG70A Solution heat treated and aged 24,000 33,000 4.0 24,000 70 27,000 8,000 
ZC81A Artificially aged 30,000 3.0 
ZG32A As Cast 13,000 29,000 12.0 50 
ZG32A Artificially Aged 19,000 35,000 9.0 65 
ZG42A As Cast 19,000 30,000 5.0 65 
ZG42A Artificially Aged 27,000 37,000 3.0 85 
ZG42A Solution heat treated 40,000 44,000 1.5 80 
ZG42A Solution heat treated and aged 38,000 43,000 1.5 80 
ZG61A Artificially Aged 25,000 32,000 3.0 25,000 5 26,000 9,000 
ZG61B As Cast 32,000 2.0 
PERMANENT-MOLD CASTING ALLOYS 
CG100A Artificially Aged 35,000 37,000 0.5 40,000 115 27,000 8,500 
CG100A Solution heat treated and aged 36,000 48,000 0.5 36,000 140 30,000 9,000 
CN42A Artificially Aged 34,000 40,000 1.0 34,000 105 26,000 10,500 
CN42A Solution heat treated and aged 42,000 47,000 0.5 46,000 110 31,000 9,500 
CS42A Solution heat treated 22,000 37,000 9.0 22,000 75 30,000 9,500 
CS42A Solution heat treated and aged 26,000 40,000 5.0 26,000 90 32,000 
CS42A Solution heat treated and aged 20,000 39,000 4.5 20,000 80 
CS66A Artificially Aged 16,000 29,000 1.0 16,000 95 22,000 
CS72A As Cast 19,000 28,000 2.0 19,000 70 23,000 
CS104B As Cast 24,000 32,000 1.5 32,000 100 22,000 
GZ42A As Cast 16,000 27,000 0 17,000 60 22,000 
SC51IA Solution heat treated and aged 27,000 43,000 4.0 27,000 90 30,000 9.000 
SC64A As Cast 16,000 28,000 2.0 16,000 0 25,000 
SC64B As Cast 19,000 34,000 2.5 19,000 85 24,000 
SC64B Solution heat treated and aged 27,000 40,000 1.0 27,000 95 
SC64C As Cast 19,000 26,000 
SC82A Solution heat treated and aged 40,000 49,000 3.0 97 
SC122A Solution heat treated 27,000 41,000 2.5 27,000 90 
SC122A Artificially Aged 26,000 40,000 0.3 26,000 9 
SC122A Solution heat treated and aged 38,000 43,000 1.0 38,000 92 
SG70A Solution heat treated and aged 27,000 40,000 5.0 24,000 90 
SN122A Artificially Aged 28,000 36,000 0.5 28,000 105 24,000 
SN122A Solution heat treated and aged 43,000 47,000 0.5 43.000 125 000 
ZC60A Aged 28,000 0 
| ZC81B As Cast 33,000 3.0 
ZG32A As Cast 15,000 33,000 22.0 55 
ZG32A Artificially Aged 21,000 42,000 18.0 70 
| ZG92A As Cast 24,006 42,000 14.0 S 
| ZG42A Artificially Aged 29,000 47,000 8.0 95 
ZG42A Solution heat treated 36,000 49,006 9.5 95 
ZG42A Solution heat treated and aged 43,000 53,000 6.5 95 
1. Tension and hardness values determined values are not shown for die castings because they 3. Endurance limits are based on 500,000,000 
from standard half-inch diameter specimens be reliably determined cycles of completely reversed asing 
) 


| tested without machining off the 


standard 
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sion values for die casting alloys 


-inch 








dividually cast in sand and permanent molds, and 


surface 


die cast specimens 


letermined from 
hardness 
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Yield strength is the stress which produces a 


Com pression 
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Table V—Mechanical Properties of Commercial Aluminum Casting Alloys (Typical Values) 
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R. R. Moore type of machine and specimens 
permanent set of 0.2 % of the initial gage length 4. Compression tests m 
American Societ y 
Methods of 
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Cooper Alloy Foundry 
Pouring molten stainless steel into unsupported shell mold showing the gases escaping through the permeable mold walls 


From UNITED STATES NAVY REPORT 


The opinions expressed are those 


authors and do mot necessarily reflect 
| | [ \ 7 E O views of the Navy Department 
he shell molding process has come 
a long way in a short time. The 


two outstanding advantages of thi 


9 process have been substantiated time 
and again—that it is adaptable to a 
high degree of mechanization and that 


savings in machining are possible 
through closer tolerance castings. How 
ver, other problems are still being 


investigated. This survey may help to 
O cm answer some of the problems involved 
Í in the shell molding process 


Mechanization 


The first uses of the shell molding 
B. N. AMES * S. B. DONNER * N. A. KAHN process were pilot plant operations 
n Vad-N c ad fissddus y S where the major equipment was de- 
signed for manual operation and adapt- 
able to a wide variety of jobs. The 
physical arrangement of the equipment 
Problems being investigated that should aid in reducing line was simple and used, wherever 
' P . possible, existing equipment such as 

shell molding costs are: types of sands to use, pattern equip- core ovens and work tables 
‘ E However, the shell molding process 
ment material, dimensional tolerances, mold closing and lends itself to mechanization because 
- of its simplicity, and economies of 
the principle of metal solidification. Some are answered; skills materials, and machine tool 
time. Once the volume of casting pro 
many are still being investigated. duction required is sufficiently high, 
` : complete mechanization of the proces 
in be designed or purchased. Basically 
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A resin-sand mold rests on stripper pins following completion 
of the cycle of an automatic shell molding machine. The box 
containing the resins and mix is inverted with the pattern. Box 
retracts to position shown, pattern inverts and is cured by the 


this machinery falls into two types 
one in which the stations or operations 
are incorporated in a single, automatic 
molding machine; and the other a 
typical loop with separate stations for 
mold making, curing, stripping, coat- 
ing and preheating. The first system 
uses one pattern plate, while the latter 
several plates for continuous 
operation. In the loop system, à 
dutch" type oven, either electrically or 
gas heated, with temperature control 
and with variable belt speeds is satis 
factory for curing and preheating. The 
dwell time in the molding operation 
will determine the rate of production 
Some systems use an overhead invest 
ment dispenser in the molding opera- 
tion, while others use the conventional 
mold inversion technique 

Some of the companies presently en- 
gaged in automatic machine design and 
manufacture include Econocast, Inc., 
the Osborne Manufacturing Company, 
Shell Mold and Machine Company, 
Sutter Products, Winter Engineering 
Newark Works, 
Mechanical Handling Systems Inc., and 
Shell Process, Inc. 


uscs 


Company, Pattern 


Process Techniques 
The princ iple properties upon w 
the performance of phenolform 
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hyde shell molding resins are based 
are: 1) flow; 2) cure rate; 3) melt 
viscosity; and 4) melting points. Not 
all resins are considered satisfactory for 
every casting design. The most satis 
factory molding resins are those with 
low to moderate flow characteristics, 
relatively high melting points, fast 
cure rates and moderately 
strengths. 

Other properties of secondary impor 
tance are curing and casting odors and 
shelf life. In some instances, these b 
come of major importance 

The manufacture of cores may r« 
quire a resin of slightly different char 
acteristics than those used for molds 
depending on the shape of the core 
This applies whether the core is mad 
by blowing or by the dumping tech 
nique. Usually, cores with sharp radii 
will require a resin with long 
characteristics 


high 


flow 


Sands 

The most suitable sands appear to 
be washed silica sands ranging in AFS 
fineness from 75 to 230 either of sub 
angular or round grain shape. The 
clay content should be under 3 percent 
and the sand should be low in metalli 
oxides and fluxing agents. Sands with 


a wide distribution (5 or 6 screens) 
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Sutter Product: Company 


oven which moves forward. The mold is raised from the pattern 
by the automatically actuated stripper pins. Phenolic resins (right) 
are made by reacting phenol formaldehyde in a large kettle. The 
hot solution is then dumped into trays to cool and harden. 


n to yield superior finishes, as 
pared 3-screen sands. As a gen 
rule, the finer the 


smoother the resultant casting surface 


| with j 
eral sand, the 
Zircon sands are satisfactory in serv 
ce but their comparatively high cos 
may make their use impractical except 
for special applications. Investigatior 
are currently in progress to investigat 
effect of such additive materials 
and zircon flours and muelite 
and magnesite in securing improved 
surface finishes, particularly with hig] 


silica 


nelting point alloys 


Pattern Equipment 


The metals generally used for sh 
mold patterns include aluminum, st 
grey iron and heat treated copper bas 
alloys. Because of the excellent repro 
ducability of shell molding castings th 
surface of these patterns must be 
smooth to gain this advantage 

Grey iron patterns, of the low 
pansion, heat-resistant type give excel 
lent overall performance particularly 
resistance to "sticking," which may b: 
caused by its high surface graphite char 
Most of the copper alloy 
patterns will also give good results th« 
major problem being oxidation and 
scaling which interferes with heat trans 
fer to the resin-sand mold 


acteristic 


D2? 





Phenolic resin is mixed with a fine-grained silica sand. Normally 
mixture is 92-98 percent sand to 2-8 percent resin. One method 


Aluminum and bronze are satisfac 
tory but are subject to scratching, nick- 
ing or swaging to a degree not normal 
ly experienced with iron or steel 
Ribbed aluminum pattern plates and 
patterns 
weight is a factor 

The pattern plate should be ribbed 


may be used when plat: 


and designed with uniform sections and 


sufficient thickness to retain the 


t nt + 


| 
mperature head for setting the in 


vestment on a 


ontinuous operatin 





A group of typical shell mold metal pattern plates. Iron and steel are the 


basis. Generally, rivet type heads are 
used for stripping pins, and the greater 
the area of each head, the more efficient 
the stripping action provided they are 
spaced uniformly around the plate 
Stripping pins should be equipped with 


properly tempered springs or a me- 
chanical arrangement for automatic re 
turn after the rele 


ase of the mold 


Gating and Heading 
Gatin 


r methods that allow for pour 





& 2 
a» 4 

d 

e a 





most satisfactory material, but aluminum and bronze can also be used. 


D2s 


Product 


of clamping is shown in the above photograph. For close dimen- 
sional tolerance the mold halves should be bolted together. 






















the best productive arrangement for 
supporting the molds with a backup 
material. For the best surface finish, it 
found necessary to bottom 
In aluminum alloys, bronze, and 
ductile iron, choked ingates and the 
judicious use of dross catchers must be 


| 
ing molds on end, lend themselves to 


has been 


gatc 


used. Tapering the downsprue in a ratio 
of 4:1 is also desirable 


Dimensional Tolerance 


The dimensions and surface condi 
tion of the shell mold reflect accurately 
those of the pattern plate 
of between +0.002 and 
can be achieved with well designed 
pattern equipment 


Tolerances 
+0.005 in 


Shell molding has one basic limita 
tion insofar as maintaining dimensional 


lerance is concerned and that is the 

$ |1000 et - 7.500 ». 0.500 oa 
D- (*0002 fo 007$ | (20.002 fo . 
ej \ -0005 i¢ 10.003) ) 





Y ^, 


»i--«--H«- /500- 






: [1 
» -1- 0.500 
m | £0002 to +0003) 
(10.002 te ‘acon i 





Some practical dimensional tolerances 
that can be held on shell molded cast- 
ings are indicated on the above draw- 
well equipment. 


ing using designed 
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Steel shot being used as a backup material. Other materials are being in- 
vestigated for backup use as shot is considered to be a safety hazard. 


inability to achieve o.d. concentricity 
on a vertically parted cylinder. The o.d 
dimension along the parting line that 
is held by some mechanical arrangement 
or by pasting and acts as a stiffening 
rib will frequently be up to 0.035 in 
smaller than the o.d. dimension 90 deg 
from the parting line. In some in 
stances, a flat along the parting line 
can be detected. A proper allowance in 
the master pé ttern can be made to some 
what overcome this deficiency. To 
avoid excessive o.d. eccentricity on 
vertically parted cylinders, it is essential 
that close control of the resin-sand mix 
tures, cycling, shell thickness, and 
method of backing up be exercised. The 
use of molding materials with high 
hot strength and flexural strength will 
also serve to eliminate this deficiency 
found with silica sands 


Mold Closing 


Molds may be closed in a variety of 
ways depending upon the degree of 
tolerance desired in the casting. Clamp 
ing the outside edges with spring wire 
or using a cold setting paste are th 
two simplest methods; however, bolt 
ing the molds appears to be the best 
method. In some instances, no me 
chanical clamping device is needed 
the molds being held together by th 


vibrated steel shot ba | material 

It has been the general practice to 
backup molds with steel shot. The 
prime purpose being to resist de- 


formation of the mold wall under the 


hydrostatic head of metal pressure 


Other materials for this purpose ar 
| 
being investigated; one of these, coarse 
silica blasting grit, shows considerabl 
nt [he purpose of finding new 
backui terials ar 1) overheating 


Product Engineering 


of the shot; 2) loss caused by spillage; 
and 3) the safety hazard of the shot on 
the floor in the pouring area. The ma 
terial used should have sufficient 
permeability, as the permeability of the 
backup material is important in venting 
the gases produced by the resin when it 


contacts the molten metal 


Metallurgy 


It has been generally believed, in 
connection with this process, that the 
steel shot acts as a chilling agent, and 
thus, improves soundness and allows 
better control of solidification patterns 
Recently conducted tests tend to prove 
that this is not true, and on all tests in 
which aluminum alloys and tin-bronze 
specimens were cast in shell molds, less 
chill was evidenced than in the green 
sand molded specimen—irrespective of 
the type of backing material used 

Generally, the indications are that 
shell molded castings can be produced 
with a high degree of soundness in 
aluminum, tin-bronze, gray-iron, ductile 
iron, medium carbon steels and alloyed 
steels. Comparative mechanical prop 
erty determinations also show that shell 
molded aluminum and bronze castings 
develop ultimate strengths and elonga- 
tions slightly superior to sand castings 
at the optimum pouring temperature 
These higher values can be attributed to 
cleaner metal with fewer gas inclusions 
and less dross. The lower yield strength 
values are probably associated with th 
slower cooli: 


YO rot 


Ia 


Comparison of some mechanical prop- 
erties vs pouring temperatures for 
green sand and shell molded test bars. 
Graph (A) is for as cast aluminum, 
(B) bronze not machined bars and (C) 
bronze, machined bars. 
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COLD EXTRUSION involves the concept 


of metal as a plastic material, which 
when the barriers of friction are suf 
ntly xtended, will flow und 
The process is relatively new to the 
etals, such as steel, but has 
| used successfully for the forming 
softer metals—copper, tin and 
for a number of years. It 
s until the development of suit 
l ints and coatings to prevent 
g and cracking of the harder ma 
hat the cold extrusion of st 
onomically feasible. Son 
ivantages of the process ar 
Low carbon steels can be used, and 
working ha ilues of tensile 
eth, yield strength and hardness 
mparabi he high alloy types 
Table I) 
M p lo Sa lu ed S 1 
l 1 nd surface refine 
s el n nstances, th 
shed } g. Fi 
R ( I Metals 
b W. A. FI r and W. I 
Cold Es n Offers Product 





Properties Before Cold Extrusion 


Yield 
Average Tensile Strength 
Materia Hardness Strengt! 0.2 per cent 
t ps psi 
Ingot I f 29 42.500 1 300 


C1020 58.000 40 
C1040 81 4.700 49.750 
A512 4 f 4 


(British) 


Cold Extrusion of Metals‘ 


Permits the mass-production of parts from one piece of stock that normally 








would require several pieces and then a fabrication operation. 


ample, scrap losses of 12 lb on a 35 Ib 
forged and machined projectile were 
about 2.5 percent on a cold extrusion 
Reduced labor, operation, and han- 
lling of parts from raw material to fin- 
ished component. A single extrusion 
operation replaces several turning, cut 
ting and grinding operations. (Sec 
sketches right) 
* Although die costs are high, quan 
ty and quality production allows rapid 
and results in 
production runs 


imort costs 


zation low 


for long 


Theory of the Extrusion Process 


A good understanding of the cold 
working theory may be acquired by a 


study of the stress-strain diagram of a 


tal. The stress-strain diagram gives 
p between the applied 

or stress, and the resulting strain 
r deformation. A sample stress-strain 
urve for 


; ; 
the relationship 


SAE 1020 steel is given in 
Fig. 1. The curve is divided into two 
wts, the first being the elastic range 


the second the plastic range 


In the elastic range, between the 
gin and point A, the metal deforms 
iniformly for an increasing pressure, 
rd to Hooke's law. When the 





prevent galling and welding of the metals in contact. 


Limited to certain materials and dies and lubrication must be used to 


pressure is removed while the metal is 
still in the elastic range the metal will 
return to its original shape. From point 
A to C the metal is in the plastic range 
Once point A, the yield point of the 
metal, is passed the metal will retain 
the shape that it has at the time of 
pressure release. It is in this plastic 
range that the cold extrusion process is 
carried on 

There are two cold extrusion tech 
niques, Figs. 3 and 4, backward and 
forward. Backward extruding forces 
the metal to flow in a direction opposite 
to the punch or ram travel, and for 
ward extrusion forces the metal to flow 
in the same direction as the ram travel 

The degree of reduction and the re 
lationship of the punch diameter to 
the length of the punch travel govern 
the limits of the backward extrusion 
The practical limit of the piercing 
punch is three times its diameter, but 
this can be increased by 1/3 by using 
guide bushings to reduce the punch 
column action. To reduce the impact on 
the punch and to facilitate steel flow 
the punch pilot is usually designed 
with a 3-5 deg taper 

Extreme reductions 


in cross sectiona 





Table I—Mechanical Properties of Heat Treated Steels 


Degree 

Percentage Reduction of Cold Average 
Elongation In Area Reduction Hardness 

2 in. g.l percent percent) (Rb) 

4 2 20 73 

40 87 

60 93 

70 94 

5 95 

80 99 






1 20 72 
40 91 
60 93 
0 95 
5 94 
80 100.5 
38 62 20 79 
40 92 
60 95 
0 100 
66 20 94 
40 99 
44 20 90 
40 99 





Properties After Cold Extrusion 


Yield 
Tensile Strength Percentage Reduction 
Strength 0.2 percent | Elongation in Area 
psi psi (2 in. g.l.) (percent 
70,500 64,300 17 55 
85,800 84,225 | 13 42 
98,375 94,025 | 13 4R 
103,750 103,300 13 48 
106,400 10 43 
115,200 9 42 





69,400 63,825 19 61 
94,150 92,050 16 55 
101,600 100,150 13 49 
108,500 107,050 12 47 
111,800 9 48 
116,950 9 19 
79,800 77,325 13 
104,800 101,166 9 

115,250 114,450 9 

123,250 122,450 11 
110,150 98,875 14 45 
125,750 112,550 12 41 

I 

91,900 | 80,156 18 6 
115,900 103,700 16 56 
129,450 120,125 16 53 
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A.—Cylinders with integral inside and outside studs. B.—Inside and outside offsets can be developed at 
The studs can be of varying lengths and will be con- varying distances on a tube. Concentricity of all 


centric with inside and outside wall. 


» 
A 





C.—Thin or heavy flanges can be shaped in combina- 
tion with offsets or studs. Sharp radii are possible 
and flanges will be concentric with outside diameters. 


Ss 





E.—An integral web or separator can be made by a F.—It is possible to form a part with any combina- 


plain and impact operation. The grain structure of tion of the inside and outside shapes shown in the 
the web can be crossed eliminating porosity. 


area can be produced in one operation 
when using the forward extrusion 
process. When forming shells, for ex 
ample, the process is best applied when 
the initial cup diameter is 1 in. or 
larger because of the high unit stress 
created in the die. Because of the high 
percentage of power absorbed in over- 
oming friction, the length of shell to 
be extruded in any single operation is 
usually limited to five or six times its 
diameter 

The cold extrusion process requires 
about twice as much power as drawing 
because of the high non-uniform 
stresses caused by the angle of the ex 
trusion die and the greater friction area 
in the die. As a general rule, however, 
one extrusion operation replaces two 
drawing operations 
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surfaces can be obtained without machining. 
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D.—Flutes and lands can be shaped on outside or 
inside surfaces. They can be of any size or length with 
smooth inside and outside portions. 
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above cross section drawings. 






Extrusion Materials range of the low carbon steels 
idvantage in cold extrusion. The cold 


As mentioned previously, the cold 
extrusion process is carried on in th 
plastic range of the metal. This range 
varies considerably for different metals 
Copper, for instance, has a large plastic used in place of higher grade steels 
range, while an alloy steel has a very Table 
small one. Also the range may be 
changed by one of the constituents 
Fig. 2 shows the stress strain curves 
for four steels of different carbon per 
centages. The 0.15 C steel has a low 
yield point and a large plastic range 
while the 0.80 C steel has a high yield 
point and a limited plastic range 
About 30 points of carbon is the maxi 
mum recommended for cold extrusion 
work in most instances 


working of the material increases th 
tensile strength, hardness and yield 
strength and for many applications low 
grade steels, when extruded, can bi 


I indicates the increase in thes 
values for several grades of steel 
Some lattice arrangements of ator 

we more susceptible to cold working 
than others. Metals that have face cen 
tered cubic lattices offer the least 
amount of resistance to cold working 
as they have more planes of weakness 
Table II gives several of the more com 
monly used metals in the order of their 
ductility. In the second column th: 
metals are listed in order of their 
The low yield point and large plast malleability. Ductility (flow of a metal 






































Unit stress, pst 


Elastic = 
range 


70,000 


60,000 


50,000 


40,000 


30000 


20,000 


10000 


0.100 0.150 0.200 
Unit elongation, in. per in 


0.250 


o 0.050 


Fig. 1—Stress-strain curve for 1020 steel showing 
the elastic and plastic ranges. Metal deformed in the 
elastic range will reform to its original shape. 


0.300 


980% corbon 


O30% carbon 


Tensile stress, psi 


Q!596 carbon 





Elongation, in. per in. 


Fig. 2—Comparison of the plastic flow of different 
percent carbon steels. About 30 points of carbon is 
maximum recommended for cold extrusion operation. 


on) and malleability (flow of be used for die parts, such as extrusion ness of the steel and the previous heat 
il in compression) are connected rings, because their rcumferential treat. To obtain the proper tool dimen 
vith | st f th rous structures enable them to with sions after nitriding it is necessary to 
S f the first s netals lis ind higher radial stresses make allowance for the growth The 
face centered cubic lattices, bear A steel that has been used success best method is to try a few samples as 
g the t tl hey h ly for extruding operations is a high ich job is different in some way 
workal Of s used Te high rbon steel having ad 
1 iusbaes end mediam hend Lubrication 
f high iu bility whicl SS OF WM resistat The actual The total stress applied to the cold 
kes luable fo ld vorking surf truding opera working of metals is the sum of the 
f ri st w s must be v hard to give good stress necessary to overcome the flow 
sed S ol life, so the usual practic s to resistance of the metal and the fri 
f | tit ride the steel and use it as an inser tional resistance occurring between the 
i , 1 holder. The nitriding increases th two sliding surfaces 
Cold Extrusion Dies rface hardness from about 50 Rc to To a large extent, the success of the 
Dies be a vithstand | Rc, but re imp ortant, it ikes old extrusion process, can be at 
high s ressur sed by 1e tool gail resist tributed to the use of a metal phosphat 
S lefi 1 worl Galling is found it ny cold work oating. This coating in itself gives a 
fatig ind frict ' operations when part of the metal much lower coefficient of friction and 
D ? Ot ured die |] rn from the blank being worked when mixed with a compatible lubri 
duction run, tl ho 1 welds to the tool. The nitriding cant lowers the coefficient still further 
S S g the tool and The combination provides a film strong 
high rbon tool steels to high si l t st it sible to gall to nough to withstand the compressive 
S Table III forces imposed when the steel is mad 
h S W/h l wth takes to flow in the extrusion di 
| o the thich Exploratory work at the Heintz Man 


Table II—Comparison of Ductility and Malleability 
of Various Metals 





Order í Order f Type a At (^3 

Ductilit Mallea t Ator Latt Number 
G 1 FCC ) 

vé FCC 

Platinun FCC 8 
Iron j BC( 2f 
Nickel FC 8 
Copper FCC 29 
Alumin FCC 13 
Z 8 HCP 30 
T BCT 0 
L FCC 82 


FCC Face centered cub 
BCC Body centered « 

HCP Hexagonal 
BCT Body 
[TT 


`| SE packe d 


centered tatragonal 





Fig. 3—Forward extrusion of various forms. 


Left-hand sketch is the form of the blank. 

















































ufacturing Corporation, Philadelphia, 
Pa., reveals the following points con- 
cerning coatings and lubrication: 

The conventional zinc phosphate 
coating is the best material and also the 
cheapest and easiest to apply. The coat 
ing should be a minimum of one gm 
per sq ft and withstand minimum tem 
peratures of 750-1,100 Fahrenheit. Ot 
all the lubricants tested, the best re 
sults were obtained with a dilute emul 
sion lubricant consisting of a highly 
diluted soap emulsion not exceeding 5 
percent concentration of soap plus ant 
mal or vegetable oils and fats. This 
conclusion was based upon considera 
tion of performance, cost and applica- 
tion. This combination of coating and 
lubricant was found to be of sufficient 
thickness to ensure complete separation 
of the sliding metal surfaces, give the 
best frictional conditions and eliminate 
pick-up on the work. 

Some coatings and compatible lubri 
cants which are available commercially 
are: 

Foscoat (Pennsylvania Salt Mfg. Co., 
Philadelphia, Pa.) 
sists of compatible cleaning, pickling 
and application (by immersion, flood 
ing Or spraying) of Foscoat and a 
lubricant, Foslube, to produce a heat 
resistant coating with good adherenc« 
under severe working conditions. 

Bonderite (The Pyrene Co., Ltd., 
Brentford, Middlesex, England). Pro 
ess consists of immersing the cleaned 
Bonderizin¢ 


This pre cess con 


steel surfaces in the hot 
solution for 5-10 min, where a crystal 
line zinc phosphate integral 
with the metal surface is formed. After 
water rinsing and drying, lubrication 
is carried out by immersing the parts 
in a hot aqueous Bonderlube 


coating 


S€ luti on 


Future Trends 


The Koldflo process of the Mullins 
Manufacturing Corporation is claimed 





Fig. 4—Backward extrusion of different forming 
operations. Left-hand sketch is the form of the blank. 


to go far beyond the cold extruding 
process. The elaborate method of lubri- 
cating the metal prior to extruding is 
not required and a great variety of 
shapes, to close tolerance with glass 
smooth surfaces, can be produced on 
' 000 to 3,000 ton presses 

It can be applied, as illustrated, to 
shapes such as thin walled pressure 


cylinders, gear blanks, pulley hubs, 
bearing housings, axle housings and 
other intricate shapes. Only enough 
metal is cut from a solid bar to make 
the part and rap is virtually elimin 
ated. The process 1s claimed to be so 
exact that weight and size tolerances 
can be held within limits required for 
most mass-produced parts 


Table III—Compositions of Tool Steels for Cold Working Operations 


Type C Mn 


3250 


Nickel chromium 0.45-0 


Un 
Un 


Air Kool 


Chromium carbon  0.95-1.05 


GM 48M 


Chromium carbon 1.40 


— 


GM 32M 


‘Plain carbon 0.80-0.95 


0.30-0.60 


60 0.20-0.50 


Percentage of Alloys 


Ni Cr Va 


1.50-2.00 0.90-1.25 


5.00-5.25 


0.35 


711.00 13.00 


0.45 


Mo 


1.10-1.20 


0.70-0.90 
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Fig. 1—Comparison of tooling and total costs involved in drawing and spinning a typical part. 


SPINNING VS DRAWING 


Discussion of the factors involved in choosing a method 


l 


for forming circular cross section sheet metal shapes. 


JOHN W. LENGBRIDGI | 


Project Engine 








O FORM sss nj € Delivery r quir I ost of the product depends to a large 
ym sh signers generally Contour oblems xtent on the tooling costs And unit 
sider two processes: spinning and |) Possible use of both methods hanges for a drawn product drop 

[ iraw g. I e E thod ot s ippl menting th oth f norc rapidly AS quantity increases than 

working a rotating disk to shape ovet Dimensional accuracy requit those for a spun product 

i for ( hu K t wh h IU 1S ( lampe l ments Tabk I shows the costs involved in 

ausing the metal to flow by tooling The decision is basically economic and producing a typical product, both by 

pressure applied mechanically or man depends largely on the quantity r spinning and drawing. There is a 

ually. During the operation, shaping quired quantity at which costs of both are 

s visible as it progresses the same. Below this point spinning 
In drawing, a punch forces the met Costs. Since spinning is predominantly is more economical; for greater quan 

il into a hollow die of predetermined a manual operation it involves high _ tities, drawing is the preferred tech 

shat A blank holder ntrols th labor costs. It can be mechanized—al nique 

ovement of the metal and prevents though this increases the expense of If additional orders for the same 

bucklit g shay s hid tools and equipment—to bring unit part are a possibility, the economics 

len by bor costs closer to those of drawing change. Since it is standard practice 
Wh tween the two Drawing is a mechanical operation to absorb tooling charges on the first 
thods, the designer usually 1 CWS with low labor costs, and requires mor order, they are not a factor on suc 

six factors mplicated and expensive tooling. In ceeding runs. That gives drawings a | 
l l'ool cost per unit by both meth oth processes, tool costs per unit vary — cost advantage. Including future runs 

ods with quantity; but labor costs remain into the calculations lowers the quan 

Labor and overhead si rly constant, relatively independent tity for which drawings are more eco 
unit of quantity. Therefore the total unit nomical than spinning 
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Spinning -2 weeks 
os Drowing -7 weeks ~+ 
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Time in weeks 
Worcester Pressed Steel Co 
Fig. 2—Comparison of time required to tool and produce a typical part Fig. 3—Deep drawn shapes being made 
by spinning and drawing. Drawing is less expensive for mass production. on a typical large hydraulic press. 





Table I—Unit Costs of Drawing vs Spinning 





DRAWING 
Unit Labor 

Operation Tools Prod. /Hr Cost 

| Ist Draw 375.00 400 0025 
d 2nd Draw 400.00 400 0025 
| Trim and Bead 100.00 300 0035 
| Iron 125.00 200 0050 
| Total $1,000.00 Net Labor $.0135 
| Overhead @ 200 percent 0265 
Cost of Labor and Overhead 040 


UNIT COST OF DRAWING 








Lot Size 1000 2000 2300 3000 4000 5000 
wW/ Drawn Method Labor Cost .04 .04 039 039 039 035 
Tool Cost 1.00 .50 43 34 25 20 
Total Unit Cost $1.04 $ .54 $ .469 $ .379 $ .289 $ .235 
SPINNING 


Unit Labor 











Operation Tools Prod./ Hr Cost 

Ist Spin 50.00 22 065 

end spin, 2nd Spin 100.00 18 080 

trim bead ond Bead and Iron 

i Total $150.00 Net Labor $.145 
Overhead (@ 200 percent $2.80 

Cost of Labor and Overhead $.425 

| /St spin UNIT COST OF SPINNING 

(B) Spun Method Lot Sizes 1000 2000 2300 3000 4000 5000 
Labor Cost 42 .42 405 40 40 40 

Tool Cost AS .075 065 .050 038 03 


Total Unit Cost $.57 $.495 $.470 $.45 $.438 $.43 
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Delivery. When short production 
schedules are a critical factor spinning 
has an advantage. Tools for hand spin- 
ning can be built in much less time than 
drawing tools, allowing an earlier 
start on production 

However when the stamping dies 
are working, they turn out parts at a 
much faster rate. If the quantity ts 
large enough it may be possible to 
complete production in a shorter span 
of overall time (Fig. 2) 








Contour Problems. Drawing is not 
limited to any specific shape; spinning 
is restricted to products which are cir- 
cular in cross sections at right angles 
to the axis of rotation (except for some 
minor work which has been done on 
ovals). But within its field the scope 
f spinning is wide, limited only b 
the size of the equipment and power 
available to make the metal flow. The 
drawing press, however, is limited to a 
certain die size, maximum drawn depth 
and tonnage capacity. 

Drawing has one big limitation: re 
entrant contours. Usually they are eas; 
to produce by spinning on sectional 
chucks or on internal roll units. With 
drawing it is difficult — sometimes 
possible—to supply internal support 
for the metal being necked-in on a 


press tool 


Use f both Method Neither presses 
nor spinning lathes can do all the work 
For example: in shells having either 
parallel-sided or tapered walls, con 


tours, that allow the best flow control 


in drawing, permit poor control in 
spinning and conversely 

Therefore some complicated designs 
can most economically be made b 
using both types of equipment ich 
doing a part of the work 


[ 
A system of standardized tools for 
breakdown operations that are used for 
uce further 
g a blank on a 


} 


standard set of dies and spinning th 


several products can prod 


economies. By drawin 


drawn shape to its final form, tool and 


labor costs can often be further re 


duced 
Dimensional Accura Compared to 
i 

spinning, drawing boasts greater a 
curacy of size and wall thickness, and 
better uniformit Closest tolerances 
guaranteed on hand spun work is 
) n. Limits in Dx prov | 
0015) when spinning tools 
ire mechanized. But when dimensional 
curacy is a factor, drawing is usually 
tn process r ju red, Since the Stan p 
ing industry can hold + 0.0005 with 
out serious difficulty. With metals lik 
stainless steel, it 1s more difficult t 
ymmpensate for st g Dack in spif p 









Worcester Pressed Steel 





Company 


Fig. 4—Operator in the process of removing thin walled, deep drawn shape from 
a C-shaped press. Mass production decreases tool and die costs. 


Table II—Spinnability of Metals 





Group I—Alumin:.m, Dow metal 


Alcan 2SO and 3SO Aluminum 
Alcan 57SO and 55SO Alum 
Alcan 17SO and 24SO Aluminum 


Magnesium and Dowmet 


* Special set up for hot spinn 


Group II—Miscellaneous Soft 


Zinc 


Pewter 


Lead 


Group III 


Cold Rolled 


Hot Rolled 


Lead Coated 


Galvanized 


Steels 
Deep Drawing Steel 
Pickled Drawing < 
Long Ternes 


High Tensile Steel 


40 percent and upward of C 
* Coating will 
Group IV 


Copper and Copper Alloys 


| flake 


Commercial Bronz 


Coppé r 


Gold Rolled Anne 


Yellow Stamping Brass 
Nickel Silver 


Phosphor Bronze (Soft Temp 


Muntz Metal 


Group V—Nicke! and Ni 


N icke l 
Monel 
Incon 


Group VI 


Type 
Type 
Type 
Type 


Based « 


lability 


up t 30 p 


Deep Drawing Qi 


€ 


IF / 


430 


304 
302 


n é 


g 


Starn'’ess St 
18,8 
14/18 
18/8 
18/8 
rating 1.00 





and Mainesitum 


Meta 


kel Alloys 
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Shallow Deep 
Spinning Spinning 
1.00 1.00 
98 62 
65 15 
55 ta 
04 .94 
94 .93 
90 .85 
.91 91 
91 72 
90 i 
.82 ' 
40 13 
22 09 
.87 87 
87 87 
86 86 
85 75 
73 39 
47 13 
86 56 
.86 82 
81 75 
6 6 
67 53 
65 65 
65 33 





2SO, considered to have maximum spin 


Milwaukee Metal Spinning € 
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THROATLESS PRESSES ...A 
new approach to the design of large 
forging presses with capacities of 
20,000 to 75,000 T or more has been 
receiving considerable comment from 
production engineers throughout the 
country. This approach, developed by 
the Throatless Press Co, which is 
jointly owned by the Austin Co of 
Cleveland and the Hydraulic Press 
Manufacturing Co of Mt. Gilead, 
Ohio, consists of suspending the upper 
rams of the press from the overhead 
section of the building to give un- 
obstructed access to the die area. The 
bed would be mounted in the floor, 
with rail-mounted work handling 
equipment adjacent to the die. 

For a 75,000 T capacity unit, the 
frame walls of the building would be 
set 80 ft apart, and the overall height 
would be approximately 150 ft, with 
an additional 30 ft below the press 
room floor. 

Advantages envisaged for this 
design include: 360 deg access to the 
press platen; simplified design of die 
carriage and work manipulators; much 
smaller press parts, with high resistance 
to eccentric loading and shock; and rela- 
tively low cost 


PLASTIC DIES . . . Cast plastic dies 
costing only about 35 percent as much 
as equiv alent steel dies and good for 
production runs of 10,000 to 15,000 
pieces have been receiving considerable 
attention from the automative industry. 
They can be used to check design 
through pre-production run of parts, or 
to tool for products whose market ac- 
ceptability is yet to be firmly estab- 
lished. 

Additional advantages include: 

1) Die making time is reduced al. 
most 80 percent by the elimination of 
time-consuming aging of metal ma- 
terials and Kellering. The latter repre- 
sents one of the biggest expenses in 
die manufacture since it sometimes 
takes weeks to remove all the over- 
stock necessary to compensate for 
metal shrinkage during cooling. 

2) Lighter dies simplify handling 
With a specific gravity of 1.26 com 
pared to tool steel's 7.9 and Kirksite's 
6.7, plastics represent a big weight 
saving, so dies are easier to set-up 

Reduced weight also can mean in- 
creased production. By ganging as 
many as four plastic dies on one press 
if the horizontal dimensions permit, 
fabricators can stamp out four parts 


Product Engineering 


Developments to Watch 





with each press stroke. Such operation 
is impossible when using metal dies 
because most presses do not have the 
lifting capacity to raise four steel 
Kirksite dies. 

3) Dies are easily repaired. Cor- 
rections in design can be machined 
with standard tools. Serious damage 
can be repaired by placing the female 
against the male member and then 
pouring resin into the void. Minor 
gougings can be fixed quickly by hand, 
representing a considerable saving over 
the usual method of machining holes 
for inserts that have to be bolted into 
the die block. 

4) Spotting-in time is reduced over 
50 percent. Because the dies are easier 
to move about and surface material can 
be removed by sandpapering, weeks 
can be shaved from set-up time. A 
usual plastic die can be te. d ready in 
the press in one eight hour shift; metal- 
lic dies often require two weeks. 

Typical of the new materials are 
National Lead Company's Nalcolite . 
and B, Rezolin's Tool Plastik and : 
resin developed by Allied Fuat 
Fach is a thermosetting liquid phenolic, 
mixed cold and poured without pres 
sure. Heat at 160-180 F applied fa 
about 16 hr cure the resin. 

Probably the most unique property 
of these materials is their ability to 
hold dimensions. National Lead, for 
instance, guarantees that their resin will 
hold tolerances to +0.0002 in. in a 10 
in. length. The others claim that 
shrinkage in the mold is negligible 

In addition, the materials have ex- 
cellent resistance to drawing lubricants 

They are resilient and, although 
softer than steel—hardness being about 
110 R»—do not scratch or gall serious- 
ly. To increase their compressive 
strength of about 15,000 psi, the dies 
are reinforced by being poured inside 
Kirksite or welded containers 

Production experience with plastic 
dies is limited. The Aircraft industry 
has been replacing Kirksite tools with 
plastic for about three years. In avia- 
tion applications—stamping relatively 
small quantities from thin aluminum 
sheets—the dies have practically un 
limited life. 

The other major experimenter has 
been the automotive industry Chrysler 
Corporation has fabricated quantities 
of cowl side panels for Dodge trucks 
and Ford has been using plastic 
in experimental production. 

Plastic suppliers don't expect to re- 


dies 
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place tool steel or Kirksite. Die makers 
emphasize that the new materials have 
only a specific function—limited pro- 
duction. However they predict that in 
the future the phenolics will play an 
increasingly important role in pro 
duction with more parts designed for 
stamping or drawing from sheet metal 
Too, industry will be able to do more 
pre-production testing of designs and 
parts. 


ULTRASONIC MACHINING ... 
Ultrasonic energy, which has been used 
in industry primarily for inspection and 
mixing of liquids, shows promise of 
being adapted to the metal cutting 


processes, such as drilling irregular 
paths in steel, glass, ceramics, and 


other hard materials. Battelle Memorial 
Institute has perfected dental drilling 
equipment, and the Raytheon Manu- 
facturing Company has announced a 
drilling machine for metal working 
The Raytheon machine generates 
sound waves by application of a cur- 
rent to an electrical coil on a nickel rod 
The resulting sound waves are am- 
plified electronically and by a series of 
cones that concentrate the sound energy 
at their apexes. This energy is directed 
to a "drilling" rod that is in 
with the work. The 
at approximately 
S ond, 
liquid abrasive that fl ws continuousl 
across the work. These 


the material at upwards of 
+} 


contact 
rod, which vibrates 
7000 cycles per 


drives abrasive particles in a 


particles strike 
5.000 times 
eir normal weight and cut a hole 
through the material 

Raytheon engineers hope to adopt 
+} 


ne same prin pi tor new 


shapers, planers and milling m 


LARGE DIE CASTINGS ... In the 


last few years, the powder metallurgy 
process has become inc reas ngly im port 
ant for the production of small, sim 
ple components. The reasons: dies are 
relatively inexpensive, iron and even 
stainless steel can be used, and pro 
duction rates are high. Cor | 
the die casting industry has lost 
busit sS in these arcas 

But larger and larger parts being 
lie cast, and this next year may see th 
innouncemet | first d 
aluminun ngit block. Weight 
the fin shed asting W | | [ th 
order of 75 lb. So far only one ma 
chine is available to cast such parts 
but if experimental production is su 
cessful, field could move rapidly 
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PROBLEM: 


Three expensive machined parts were formerly required 
to get the necessary internal cavities for this valve body. 
Use on an electronic tube evacuator made special 
tolerances necessary. After assembly by welding, 
re-machining, and testing, a large part of the total 
production was rejected for failure to meet the rigid 
specifications of the manufacturer—Consolidated Vacuum 


Corp., well-known producer of high-vacuum equipment 


SOLUTION: 


Consolidated Vacuum Corporation brought the problem 
to Alloy Precision Castings Company. Cooperating Alloy 
foundry engineers and metallurgists developed the pic- 
tured one-piece, 5 lb. mercasting of 303 stainless. The 
as-cast” piece can be held to an average plus or minus 
.003 inch per inch on certain critical dimensions. A 
comparatively small amount of finish machining is 


needed on valve seats and tapped holes A 


ALLOY PRECISION 


can make this as a unit! 


*FROZEN MERCURY INVESTMENT CASTING 





SUMMARY: 


The illustrated mercasting is a better valve body easily 
produced in a more desirable material. Tremendous 
savings are effected through elimination or drastic 
reduction of special tooling, machining, waste material, 
and scrapped production. 

Send prints of your problem parts today. Learn 

how Alloy Precision can save you time and money. 


ALLOY PRECISION CASTINGS COMPANY, DEPT. B-21 
45th and Hamilton, Cleveland 14, Ohio 


Please RUSH Bulletin 706 describing the 
Mercasting Process. 
ae 
a ai sls — kiana 
COMPANY. = . — 
ADDRESS 
CITY .— 
ZONE STATE__ 









EAST 45th ST AND HAMILTON AVE e CLEVELAND 14 OHIO 
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Amos eA Like, Finis TT 


E ...IN PLASTICS 


VACUUM PLATING 
ROLLER COATING HOT STAMPING 


— SPRAY PAINTING 





CONVEYORIZED 
ASSEMBLY COLOR PRINTING 
«for simple, appealing beauty 
or complex decorative effects 


Raytheon Television 
Escutcheon Panel. 


Below— Clock face produced for Seth 
Thomas, Thomaston, Connecticut. Clock 
face molded in black materia! and 


tected with special satin finish Sparkling, deep-lustre colors! Gleaming metallics ! 


Amos precision injection molding teams up with 
ingenious design and jewel-like finishing to give 
your product simple, appealing beauty or complex 
decorative effects. 

Amos facilities are complete . . . product design 


—Start-rit i cds 
Abeve—Stert-rto Coat bety and engineering . . . mold building . . . molding 


trainer produced for Pemco Prod- 5 : a : 
i ; 1 to 300 ounce machine capacity . . . conveyorized 

ucts Inc., Indianapolis, Indiana. Re- i i à Ü 
quires 4 molds of from 4 to 28 B , d assembly and finishing ... vacuum plating . . . silk 
ounce capacity, plus five assembly Y screening ... hot stamping... roller coating... 
and finishing operations. printing . . . spray painting—everything your prod- 
uct needs in plastics—under one roof—no divided 
responsibility. 

We invite you to join the ever-growing list of 
Amos customers—now. 


No OBLIGATION ... WRITE, WIRE OR PHONE... 


AMOS MOLDED PLASTICS 
Edinburg, Indiana 


Offices: Chicago, Detroit, Philadelphia, 


S NS : 
SESS esas Kansas City, Mo., Nashua, N. H. 


LO EI 































If You Need Metal Enclosures * Save Time and Tooling with 


LINDSAY PREFABRICATED ASSEMBLIES | 


LS SAVES ON— 


DESIGNING 
| TOOLING 
PROCUREMENT l 
FABRICATION 
INVENTORY 
WAREHOUSING 
MAN POWER 





ONLY 4 BASIC PARTS 
YET APPLICATIONS FOR LS PANEL ARE UNLIMITED 


Your production of attractive metal enclosures can be reduced 
to a simple assembly operation with Lindsay Structure—the 
patented method of using pre-tensed sheet metal panels in light 
structures of tremendous strength and rigidity. 


Lindsay prefabricated assemblies are tailored to your exact 
needs from die-formed standardized Lindsay Structure compo- 
nents... fabricated in 78,085 panel sizes...available in mild 
steel, stainless steel, copper, or aluminum...shipped k/d for 
quick assembly with standard tools—no welding or riveting 
required. LS shipments can be scheduled to keep pace with your 


production needs. Fast service on pilot units. 


Lindsay Structure has almost unlimited applications—cabinets, 
housings, refrigerator buildings, processing rooms, dryers, towers, 


bodies for trucks, trailers, buses, etc. 


Put this versatile prefabricated structure to work for you... 
simplify designing, save on dies and tooling, conserve skilled 
man power. Write for descriptive folder or send single line 


drawing for prompt cost estimate. 


LS CONSTRUCTION UTILIZES GREAT STRENGTH OF 


Y 


LIGHT SHEET METAL 


This 24-gauge, 36-inch wide sheet 
under uniform tension has greater 
tensile strength than a l-inch rod. By 
a strong, continuous and equalized 
gripping of the entire sheet, the 
weaknesses of rivet holes and welds 
in thin sheet metal are eliminated 
...diagonal gussets and struts are 
E made unnecessary. c 


Lindsay Structure, Inc. 
5001 West Dempster St., Skokie, Illinois 
Is x 7 RUC f URE So strong and rigid is LS that an I-beam, 





An 
-— 





originally intended for support, actually 
J. S. Patents 2017629, 2263510, 2263511 sagged below this LS housing even though it 
S. and Foreign Patents and Patents Pending bore the added weight of four men. 
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Gyrol Fluid Coupling 


Fuel Pump Body 






Motor End Frames 














Garbage Disposer Housing Aircraft Piston Torque Converter 


ee 





| 


Steel-Belted Piston 





Alternator Housing Diesel Permanent Mold Piston 












Air Connector Outboard Propeller Wing Actuator 


For many years the foundry of Thompson’s Light Metals Division quietly 
cast thousands and thousands of hard-to-make precision parts in light a 
of aluminum and magnesium for customers in the automotive and aircraft fields. 


Then word got around in other industries that Thompson had the experi- 
ence and facilities to cast light-weight, strong, heat-resisting alloy parts in 
permanent molds and high pressure dies— which eliminated the weight 
problems of ferrous counterparts. One by one manufacturers of widely 
different products cameto Thompson for helpand advice when they learned that 
the close tolerances achieved by Thompson cut machining and finishing costs. 


Today, our capacity is channeled to top-rated jobs. We're building additional 
facilities as fast as possible and, in the meantime, Thompson services, as 
always, are at your command. Our entire staff of creative engineers is ready 
to help you plan new parts or re-design old ones for the future. 


YOU CAN COUNT ON... 


For a detailed description of the Thompson Light 


Metals Division operations, send for your free copy 
of "Creative Castings". "Steel Belted Pistons", m son ro uc S nc 
m, detailing this Thompson development, is also *. ^ 


available. Just write, on your company stationery, to 


ly e . T 1 Metais vision, ompson r - 

à — Be er? 2269 Ashland Road e Cleveland 3, Ohio 
LIGHT METALS DIVISION 

yk 
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large as 5' x ?' x 
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You may be able to do more with plastics 
than you thought you could! At General 
American, we're working with manufacturers 
» never before had considered plastics 
Old limitations of size, shape and color are 
ng removed. New design possibilities and 
ing are adding saleability to products 
nd parts of all kinds. 


By taking full advantage of equipm: nt that 


PLASTICS DIVISION 


This 2.000 ton compression 
press molds a complete con- 
sole television cabinet every 


jew minutes, 


Batteries of huge 300-oz. 
injection presses produce— 
in one shot—a complete 
inner door panel for a 12 


cu. ft. refrigerator. 


is unmatched anvwhere for large-scale in- 
jection, compression and reinforced plastics 
molding, we've been able to improve old 
products, mold many new products—as well 
as cut production costs for customers. 

We'd like to help you see your ideas take 
form in plastics correctly applied. 
See General American for 
plastics molding 


PLASTICS DIVISION 


General American Transportation Corporation 
135 South La Salle Street - Chicago 90, Illinois 


Phone: Financial 6-4100 





and precision deep-drawing... 


Eastern Tool & Mfg. Co. has complete production equipped and experienced in large volume metal 
facilities for the automatic manufacture of a wide finishing operations. 
variety of sizes and designs of the items illus- 


trated above. Our plating department is fully Our deep-drawing facilities are now devoted 


exclusively to the manufacture of ordnance com- 
ponents with up to .001" wall tolerance. We wel- 


Send for your copy of the new 24 come inquiries from interested manufacturers. 
page Eastern Tool & Mfg. Co. 
descriptive booklet No. 100, 
the story of our background 
ond services 


Eastern Tool & Mfg. Co. 


Belleville 9, New Jersey 


Wire Forming * Metal Stamping * Deep-drawing 
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MAGNESIUM and ALUMINUM DIE CASTINGS 


OFFER SAVINGS- 
VERSATILITY and 
FREEDOM of DESIGN 


More and more channels are now open to manufacturers for the application 
of die cast parts in magnesium or aluminum. These tough, durable, and 
mechanically strong metals afford many advantages. In addition to their 
availability, production costs can be lowered and great savings in weight of 
products effected. By die casting with these new lightweight alloys, greater 
scope is offered to the engineer and designer for the development of ideas. 
The versatility of uses is partially indicated by the illustrations here of a few 
of the magnesium and aluminum die cast parts produced by LITEMETAL. 


WIRE SPOOL 


Close tolerances inherent in While die castings are fre- 


pressure die castings often 
completely eliminate and 
always minimize produc- 
tion machining operations. 
Aluminum and magnesium 
die casting alloys may be 
die cast to the same degree 
of accuracy because they 
have approximately the 
same casting temperatures 
and equivalent shrinkage 
on solidification. 


Comparatively simple dies 
can be used to die cast 
parts at lowest cost and 
great savings are effected 
in labor otherwise required 
for machining and finish- 
ing—(most of the holes are 
cored) — through this pre- 
cision method for produc- 
ing an immense variety of 
parts. 


quently used without any 
further finishing, they can, 
when appearance is impor- 
tant or desirable and addi- 
tion surface protection is 
necessary, be given a wide 
variety of surface finishes, 
including mechanical fin- 
ishes, chemical finishes, 
electrolytic coatings and or- 
ganic paint finishes. 


OFFICE MACHINE 
HOUSING 


AUTOMOBILE 
ENGINE 


LITEMETAL DICAST, INC. is an organization of specialists—men thoroughly experienced 
in the casting and machining of magnesium and aluminum alloys. Our equipment in- 
cludes big machines for big jobs—little machines for little jobs . . . the right sizes and 
types of the most modern die casting equipment for producing parts from the size of a 
button to large cable spools. Complete facilities for secondary operations are also 


available. "or . 
Write today for literature and design information. 


=>” Quick action on inquiries. 


LITEMETAL DICAST Inc. 


WILDWOOD AVE. . JACKSON, MICHIGAN 


PLANT AND EXECUTIVE OFFICES 


PART 


WINDSHIELD WIPER 
HOUSING 


1921 


OPTICAL 


LAWN MOWER GEAR 
A y HOUSING 


) 


PART TEXTILE SPOOL 


TEXTILE 
SPOOL 


AIRCRAFT 
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CUT COSTS 


teilh the Original Mead 


MIDGET 
AIR CLAMP 


( Sf ring Retun Air Cylinder) 


In assembly jigs and other multiple appli- 
cations, this new, low cost pressure unit 
saves countless man-hours. As a work- 
ejector in many fixtures, it is unexcelled. 


Advantages over 
mechanical clamps 


1 All Air Clamps in any set-up can be operated by 
a single master valve—the “lock-up” and release 


of assemblies is instantaneous. 


Y 





: Nm "——E AM n 
2 May be installed in cramped corners difficult IJ EEE oy 
to reach with bulky mechanical clamps. Mead Midg- MODEL V-1 rH 


et is the most compact air cylinder, for its power, 
Specifications: Power factor, .8 times 


i " 
line pressure, stroke 54", bore, 1% 


on the market. 





3 Equal ram pressure at any point along stroke, 
making special, delicate adjustments unnecessary. 


4 Independent group control. Any desired group 
of “Midgets” can be controlled independently of 
any other group in an assembly—as where primary 
members of the fixture must be locked up before the 
MODEL H-1 


secondary members. 


5 Facilitates delicate drill operations. Air Clamps 
actuated by foot control valves leave operator's 


hands free to handle the work pieces. IMMEDIATE Yew MEAD INDUSTRIAL 


Send jor all the inter sling facts on these time-tested, DELIVERY AIR POWER CATALOG 
| : Single-acting cyl 
superior Midget Air Clamps. inders delivered 


from stock; dou- 


MEAD SPECIALTIES COMPANY iyane" 


4114 North Knox Avenue * Dept. PE-103, * Chicago 41, Illinois 


MEAD 


MOLI ITM Led 


— 


Memo Coupon LG 
MEAD SPECIALTIES CO. 

4114 N. Knox Ave., DEPT. PE-103, Chicago 41, III 
Send free copy of new, colored MEAD INDUS 
TRIAL AIR POWER CATALOG describing the 


complete line of famou Mead air-operated dev 















Nome. — 


Company. — > 


Address __ a —— 


Product Engineering — 1954 Annual Handbook 









































*LIGHTER WEIGHT 

* CLOSER TOLERANCES 

e GREATER STRENGTH 

e EXTRA DURABILITY 

e VIBRATION RESISTANCE 

e STREAMLINED APPEARANCE 
eSEAMLESS CONSTRUCTION 


Deep Drawn Parts e LOWER COST 


Pressed Steel Tank Company 


has the experience 


We've had more than 50 years of specialized experience in design- 
ing and manufacturing Hackney Deep Drawn Shapes and Shells for 
hundreds of manufacturers. We've made them in capacities from 
1 quart to 110 gallons— with inside diameters from about 3 inches 
to 32 inches. We've worked with 
steel, stainless steel, nickel, alumi- 
num, magnesium, copper, bronze 
and various alloys. 


and the equipment 
We're equipped to manufacture 
complete component parts, ready 
to assemble into your finished 
products. Our facilities include 
press shop, draw shop, automatic 
welding, controlled heat treating, 
pickling, machining, testing, gal- 
vanizing and tinning, and spray 
painting. 


Send us a sketch of your parts 
requirements! 





Our engineers will be glad to 


The Press Shop—where flat metal blanks 
à are formed into cups, the first step in man- 
special shapes and parts you need. ufacturing Hackney Deep Drawn Parts. 


work with you in designing the 


Pressed Steel Tank Company 


Manufacturer of Hackney Products 

1434 S. 66th St., Milwaukee 14 e 1312 Vanderbilt Concourse Bldg., N. Y. 17 e 223 Hanna Bldg., 
Cleveland 15 e 936 W. Peachtree St., N.W., Rm. 123, Atlanta 3 e 208 S. LaSalle St., Rm. 777, 
Chicago 4 e 565 Roosevelt Bldg., Los Angeles 17 e 18 W. 43rd St., Rm. 32, Kansas City 11 


CONTAINERS FOR GASES, 
LIQUIDS AND SOLIDS 
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Zinc & Aluminum 


- DIE-CASTINGS 


Peres. 






LARGE or SMALL 


pecialized equipment for best quality at 

lowest cost . . . including high-speed auto- 
matic machines for small zinc castings (right) 
Long service to many leading manufacturers. 
Send prints or samples for quotation—engi 
neering advice at no obligation. Literature on 
request. Dollin Corp., 629 So. 2ist St., 
Irvington 11, N. J 


Sales Offices: Boston + Buffalo + Canton + Chicago » Detroit » / 
Philadelphia «+ Pittsburgh «+ St. Louis + St. Paul 
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REGAL PLASTIC’S 
specialized service 
works for you... 


design development and engineering 
from development 


C Regal services may start from scratch with vour original idea to be 
to finished £ | 


developed, designed and engineered. If you already have a design. 
Regal will check your drawings and offer design suggestions. 
part, assembly i | " E €——— 
Regal designers will restyle an outmoded, dull appearing, heavy 
or product or bulky product more attractively. The parts will be designed to 
use the plastic with the characteristics and properties that best meet 


specifications. 


selecting the right plastic 


The function of the product dictates type of plastic to be used. 
Experience qualifies REGAL to select proper thermoplastic to meet 
requirements. Typical of the plastics REGAL uses for parts, assemblies 
or products are: 

ROYALITE . . . a pioneer in the fabrication of this decorative, vet 
tough, synthetic composition, REGAL achieves results that are impos- 
sible with molded plastics. Highly resistant to water, stains, severe 
bumps and abrasion, it is produced in rigid or flexible types, available 
in standard colors . . . thicknesses from 1/32 to 1/2 inch . . . and 
in attractive, leather-like, grain finishes. 

STYRON EXTRUDED SHEET ... a high impact, rigid, tough plastic 
that can be fabricated into large area parts, such as refrigerator door 
liners. (Tools and dies needed cost only 10% of amount required for 
injection molding of such items.) STYRON is successfully used for 
breaker frames, ice cream cabinet lids, evaporator doors, drain troughs, 
condensate trays, air-conditioner housings. 

PLEXIGLAS or LUCITE . . . attractive, versatile . .. used for 
transparent demonstrators, signs, trays, dispensers. 

CUSTOM FABRICATIONS .. . standard products fabricated to order 
in laminated phenolics, cellulose acetate, butyrate, ethyl cellulose, 


vinyls and styrenes, as well as re-inforced Fiberglas. 


fabrication operation 


REGAL fabricates plastics from customer's designs or from designs 
engineered by REGAL. No job too large or too small. REGAL has the 


skill and facilities to execute a wide range of operations on a production 


TET Fa ADU ARA 


line basis. Forming, drawing and bending: stamping, blanking and 
| | 

piercing; finishing, sanding and buffing, machining, milling, turning, 

drilling, sawing and tapping: assembly, cementing, heat welding, 


riveting and bolting; decorating, silk screening, engraving and spraying. 


Illustrated: (A) Royalite Dictaphone Case. (B) Plexiglas 
Drink Dispenser. (C) Styron Door Liners. (D) Fiberglas Cases. 


REGAL PLASTIG COMPANY- Kansas ciry 27, missouri 


PLAS TEC FABRICATORS TO THE NATION 
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Size OOBLC Screw Driver 
quickly drives # 10-32 round 
head screws on a household 
ironer assembly. 


A Size OOAMC Screw Driver 
makes quick work of driving 
#10 screws 142” long to at- 
tach the spring mechanism on 
a rocking chair. The wood in- 
volved is alder; not pre 


with 


Ingersoll-Rand 
Here a Size OOOBLC Screw 


Driver is used to assemble . 
clocks. The job consists of 
driving Reed-Prince screws. 


More production in auto plants! . . . More pro- 
duction in an electric clock factory! . . . More 
production on a farm equipment assembly line! 

. More production of oil burners, metal prod- 





46 ucts, home appliances, and products of every 
Si Zes of air kind and description. 
powered screw drivers are 
available with attachments The credit? Ingersoll-Rand Air Powered Screw 
to drive any type of Drivers—with features that make it the world's 
E threaded fastener. best! The "Cushion" Clutch . . . amazing IR 
Du de Iii at the Dda ck andi Mu!ti-Vane Air Motor .. . Torque Limiting 
Ed ub en en fnitnetive ible models, also angle Clutch . . . and many other design points 
Assembly line screw drivers. enable operators to turn out more jobs with 


less effort. 


TRY 'EM AND SEE! Phone or write your 
Ingersoll-Rand office today for details. No obligation. 


Ingersoll-Rand Mild cdd cii 
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Electro-Sealing Service — 


Provides the design, enclosure, base, 
brackets and terminals. 


Assembles, wires and seals your com- 
ponent in an atmosphere of dry, inert 
gas. 


Evacuates enclosure by high-vacuum 


system and thoroughly tests for leaks 


by means of mass spectrometer. 


In addition to volume production, pro- 
vides small quantities for engineering 
samples or for limited production 
schedules. 


Invites you to send complete engi- 
neering information and samples of 


parts to be hermetically sealed. 


Electro-Seal Corporation 


946 North Avenue, Des Plaines, Illinois 


Product Engineering — 1954 Annual Handbook 

























LMOST every one of the small parts shown in 
these photographs has a case history that 
should interest a manufacturer or buyer of compon- 
ents. With some, its a matter of cost; in others the 
vital factors were close tolerances, high initial cost, 
or delivery. For example, take the three parts shown 


below, all of which are shown in the photographs: 


Precision Molding Met 
Quality Standards 


7 


Making the thin-walled wire coil form out of nylon 
plastic was successfully performed by Standard 
Plastics, Inc., on special equipment developed by our 
engineers for this work. We now make these parts 


in various sizes for several manufacturers. 


The self-lubricating property of nylon offered a 


Nylon Plastic Part 
Outwears Steel 


happy solution in the designing of the ratchet shown 










4 s 
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Molded Nylon Parts 
Made to Close Tolerances 
with Large Production or Small 


Pilot Runs 





TRY OUT YOUR IDEAS WITH PILOT RUNS AT SMALL COST 


We regularly make sample runs of small nylon parts with a e* 
die cost one-tenth that of ordinary custom molders. You can 
vl give your product a market test with true molded nylon com- 
ponents, which can later be produced in quantity at even more 
attractive prices. Address your inquiry to: 


STANDARD PLASTICS CO., INC. 


62 WATER ST., ATTLEBORO, MASS. 
Telephone Attleboro 1-1940 


above. Molded at a 55% saving over machinina, it 
shows no sign of wear although, due to its location 


in the assembly, it cannot be lubricated. 


Molding Saved 95% 
Over Machining 





Because we could mold to close tolerances this 
nylon part was produced at a saving of 95% over the 


cost of machining. 


For over six years we have specialized in the 
custom molding of small nylon parts where the closest 
of tolerances are required among such parts as bear- 
ings, bushings, bobbins, coil forms, and gears. The 


pictures show the variety of shapes and sizes. 


The success we have achieved in this line, we at- 
tribute to our special dieing and to the special equip- 
ment built in our own plant. This set-up allows us to 
hold to designed measurements often beyond the 


possibility of regulation injection molding machines. 






$- 
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R-B punches (A) and die buttons (B) are locked in standard 


or special retainers (C) which are mounted on the die I 
shoes. A spring-loaded ball lock (D) produces positive | 
radial alignment and vertical locking; no additional key- 

ing is necessary regardless of the size or shape of the 

punch. Up to 34" stock can be pierced. R-B punches and 
dies are easy to insert; push and twist and they're locked. 
They're easily removed, too. Retainer holes (E) provide | 


for insertion of tanged tool which releases ball and allows 
instant removal. 


Kou They Save Time 


P 







IN DIE DESIGNING IN DIE CONSTRUCTION IN DIE OPERATION 
R.B standardized retainers are avail- R-B punch and die retainers and special HERES WHERE YOU REALLY 


able in three shapes and many sizes, 
and where necessary, R-B special re- 
tainers can be supplied. You save "time 


SAVE. R-B punches and dies cut press 
down time for replacement to a mini- 
mum. They're instantly removed— 


retainers are quickly, easily and accu- 





rately mounted without special ma- 





on the board” because you are working chining. With them, you can save much quickly changed—yet accurately aligned 
with standardized equipment. of your skilled die-makers’ time. when locked. 

TOC TANDARDIZATION IS THE BASIS FOR EFFICIENT AND ECONOMICAL PRODUCTION 

WITH R-B Y ET THE ACCEPTED STANDARD OF THE SHEET METAL INDUSTRY N STAND 

















IN ENGINEERING, DIE CONSTRUCTION AND OPERATION 


RICHARD BROTHERS PUNCH DIVISION n AIEA 7T 


ALLIED PRODUCTS CORPORATION 5 NS OTHER ALLIED PLANTS 
DEPT. 63 2639 BURT RD. DETROIT 23, MICHIGAN i nip 
- i OB SPECIAL COLD FORGED PARTS 
Please send me additional information. P 
NAME : _ STANDARD CAP SCREWS 


PRECISION GROUND PARTS 


COMPANY 


SHEET METAL DIES 
MADE OF FERROUS ALLOYS, 
ZINC ALLOYS OR PLASTICS 


ADDRESS 
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PRECISION — | 
DIECASTINGS — , 
can do this 


REDUCE COST of component parts and 
end products. 


REDUCE OR ELIMINATE ASSEMBLY COST 
by combining several parts into 
one die casting. 


REDUCE WEIGHT of component parts 
and end products. 


IMPROVE APPEARANCE of your S 
IMPROVE PERFORMANCE of your product. 


HERE'S HOW . .. 





LARGE CASTINGS 


l. 


Makes possible use of die castings for prod- 
ucts which, if cast by other methods, would 
cost considerably more 


. By proper design, can be made stronger and 


more rigid than by other production methods. 


. Makes possible the combining of several 


small parts, reducing or eliminating assembly 
costs. 


. Recent developments prove die castings by 


Precision can do tough jobs where functional 
stress is involved 


COMPLICATED CORING 


. Reduces subsequent machining operations. 
. Combines several parts into one die casting. 


. Makes possible low-cost production of intricate 
parts in quantity. 


EXTERNAL THREADS 


1. Reduces subsequent machining operations. 
2. Makes possible the use of many parts "as-cast." 




















E 































CLOSE TOLERANCES 


$. 





THIN SECTIONS 


Ra 


INSERTS 


K 


Many die castings, particularly alumi- 
num, can be self finished. (e.g., Pol- 
ished Aluminum) 


. Die castings can be painted, oxidized, 


plated or self finished by polishing. 


. Precision can finish in any manner in- 


cluding precious metal plating. 


. Precision has complete plating and 


finishing facilities at the Kalamazoo, 
Mich., and Syracuse, N. Y., plants. 


Makes possible the production of parts 
where rapid heat transfer or dissipa- 
tion is important. Combined with high 
heat conductivity of aluminum, makes 
possible many products at low cost and 
greater efficiency. 


. Helps designer achieve weight reduc- 


tion in product. 


Reduces cost of many products as less 
metal is used. 


Inserts of any metal can be cast in die 
castings. 

Makes possible the production of com- 
pletely integrated parts — functional, 
electrical, structural, etc. 


. Inserts can be cast in for functional 


and ornamental purposes. 


Die castings can be produced to ex- 
tremely close tolerances through rigid 
production control used at all of Pre- 
cision's nine plants. 


. Many parts are cast to such close 


tolerances that they can be used 
"as-cast." 


. Precision's close control of tolerance 


often results in the substantial reduc- 
tion or elimination of subsequent ma- 
chining operations. 


. Very often this close control of toler- 


ances reduces assembly time in your 
plant. 
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Design & Engineering Service 


Can bop ya, 








REMEMBER Bs 
f 
1. Precision can be most valuable when called 
in when the product is in design stage. f 
2. Precision engineering and designs are rated F 
among the highest by those who know. 
3. Precision's help in designing or redesigning 


parts for die casting can result in substantial 
savings for YOU. 


Call a PRECISION Eugincer 
Today! 


PRECISION CASTINGS CO., Inc. 
212 Walnut St., Fayetteville, N. Y. 


Syracuse, N. Y. * Cleveland, O. * Chicago, Ill. 
Kalamazoo, Mich. * Cortland, N. Y. 


British Affiliation — Wolverhampton Die Casting Co.. Wolverhampton, England 





Cover: Shown above being 
drawn on a 12” Cincinnati 


Automotive detail: 81/2" major 
dia., 4" high, drawn of .037" 
stainless in two operations. 


Hydroform. 444” dia., 542” 
high with recessed top, drawn 
of .035" Type 305 stainless 


Jox: 415" wide, 4l4" deep, 
415" high, drawn of .040" 
aluminum in one operation. 


The complex profile of this 
part was obtained in the sec- 
ond operation by use of a 





in one operation. 


Hydroforming brings to the design engineer a versa- 
tile, new production process for obtaining deep drawn 
and formed parts faster, easier and cheaper than ever 
before possible. 


Part drawings can be quickly transformed into actual 
part samples without the burden of excessive tooling 
and labor costs. A variety of materials and different 
gages can be tried, drawn on the same set of tools. 
Design modifications can be quickly and inexpensively 
incorporated into the part. 


A discussion of Hydroforming with your sales, engi- 
neering and manufacturing executives may prove of 
inestimable value to your firm. Call in a Cincinnati 
Milling field engineer. Bulletin M-1759-2 gives a de- 
scription of the Hydroforming process and specifica- 
tions of the five machine sizes. Write for your copy. 





" 4 








segmented punch. 














An almost unlimited variety of shapes—sym- 
metrical and irregular—can be formed. 


Any drawable materiat—ranging from plastics 
to high-strength alloys—in gages to %” steel— 
can be Hydroformed. 


Fewer operations are required. Most parts ore 
produced in a single drow. 


Tool costs are reduced 50% and more. Only a 
male punch and a simple drow ring ore required. 
Tools are frequently produced overnight. 


Part quolity is improved. High dimensional ac- 
curacy is maintained. Thin-ovt and springback 
ore greatly reduced or eliminoted. Surface 
finish of the material is unimpaired. 


Five standard machines, capable of drawing 
blanks 12”, 19”, 23”, 26", and 32” ore avail- 
able. Maximum draw depth is 7” on the 12” 
machine; 8” on the 19" and 23" machines; 12^ 
on the 26" and 32" machines. 


dad x cemmmees meee mace. 


Here's how 

FripteoW Molded Plastics 

meet requirements for: 

v APPEARANCE 4 

v PERFORMANCE — SN a 


v STABILITY Uo S uu 
in Electrical Components 


L2) 


eMidwoteWelding anp Manufacturing company ue 


«a 39 
Triple "M Electronents Division 4628 Fullerton e Chi go 
are inter ciron m Plas | 
We are interes ed in Molded Motor Parts Ele c Parts | Custo tics 


MMMolded Nylon Bearing Rod 
NAME $s 
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i No. 5 unnen 
No. 50 Sunnen 


Portable Cylinde 
Honing Machines 


nones No. 505 unnen 










No. 57 Sunnen 
Honing Supp 


3 


Portable Honin 
& Accessorie ; 5 


No. 55 Sunnen 
Tool Room 





May Help You Solve Your 
Production Problems on 


No. 58 Sunnen 
External Hones 


If your problem is how to meet newer, more exact 
specifications on bores and shafts, you'll want copies of 
these booklets. They tell you how alert manufacturers are 
improving their products by honing... making them 

last longer and run smoother and cooler... making higher 
speeds permissible ...all by using Sunnen Honing to 
produce smooth, accurate bushings and bores, as well as 


spindles, shafts, plungers and similar parts. — 


Case Histories 


pet tees 


To: SUNNEN PRODUCTS COMPANY ^ 
7986 Manchester Ave., St. Louis 17, Mo. 


C] Please send me all 7 of the booklets. 


Use the coupon to get your free 
copies of these helpful booklets. 
No obligation. 


Please send me the following booklets: 
C] No. 50 O No. 51 No. 505 ] No. 57 
] No. 55 ] No. 58 No. 60 


Name 


E 
SUNNEN PRODUCTS COMPANY 


7986 Manchester Avenue « St. Lovis 17, Missouri 
Canadian Factory: Chatham, Ontario 





Company 
Address 
ee i i Zone State 







































That's the sole objective of the Titchener 
Test: To see whether a product—yours, 
for example—can be made simpler .. . 


"Simplicated" Case Histories lighter . . . cheaper. 


Selected from among some 200 
manufacturers who have taken the 


Titchener Test Here’s How The TEST Works 


Say the design of your product includes 
a casting or forging, stamping, tubing or 
sheet steel part. You send prints or a 
sample of the part to Titchener. A group 
of wire-forming engineers studies it from 
all angles . . . function, design, cost. If 
thev find that wire can do a better job 
they'll submit drawings or a sample of the 
revised piece for your consideration. 
Saves Manufacturer $4,015! They'll also quote Titchener's low price 

for mass-producing the part. If they 


Design of new portable stove sub- honestly feel wire can't improve your 
mitted to Titchener called for die 
cast burner grate. Tool cost for die 
casting quoted at $3,000 — estimated 
unit cost, 30¢. Titchener designed 
simple wire grate. Tool cost, $235; 
unit cost, 25¢. Savings on first order 
for 25M — $4,015 


product, they'll tell you that, too. 


The Titchener Test costs you nothing 

imposes no obligation. It’s un- 
biased and confidential. Merely send 
print or a sample . . . describe your 


wants in a covering letter. 


Send for FREE Handbook! 


"Use of Wire Construction 
in Product Design" 


An illustrated 20- 
page technical hand- 
book sent free to man- 
agement, production, 
purchasing and engi- 
neering men. Write 
for your copy. 


Wire Design Reduces Weight 75% 


The sheet steel motor mount shown 
at left was replaced by the Titch- 
ener-designed welded wire-and-strip 
assembly at right. Result Weight 
reduced 75%. Costs reduced. Avail 
ability of material improved. Appear- 
ance much improved 











ct §E.H. TITCHENER & CO. 


GOODS > k 
Aata 8 1 Clinton St. Binghamton, N. Y. 







Manufacturers of Wire Parts for Over 65 Years 





Engineering 


Ds: Product 


Get Your Copy 


of the 
Annual 


HANDBOOK 


of 
Product 
Design 
for 1954 


If you aren't already 
a Product Engineering 
subscriber. and you'd 
like to take advantage 
of this opportunity to 
get your own copv of 
this HANDBOOK as a 
gift, vou can make use 
of the convenient sub- 
scription cards follow- 


ing pages B32 and H32. 


By mailing the card 
promptly. you will re- 
ceive this year's H 4ND- 
BOOK. plus twelve 
valuable issues of Prod- 
uct Engineering each 
year, PLUS a new 
HANDBOOK every 


November. 


There is no compara- 
ble editorial service 
available to product- 
design engineers. Don’t 
let another month go 


by ... subscribe now. 
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LI 
get all the facts about fo rg in Ga P 


in this new, detailed | 
engineering handbook 
... Write for your 


copy today! 


You'll find a wealth of information about Mueller Brass 
Co. brass, bronze and aluminum forgings in this new 
32-page illustrated engineering manual. It contains 
comprehensive charts and graphs, facts and figures that 
tell you what you want to know about design factors, 
tolerances and the chemical, mechanical and physical 
properties of the MBCo. forging alloys. Get your copy 
of this valuable handbook today . . . it's yours for the 


E asking. And for detailed information about Mueller 

| Brass Co. aluminum bronze be sure to ask for your 
free copy of the Tuf-Stuf Alloys catalog. 

MUELLER BRASS CO. PORT HURON, MICHIGAN 
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(Assembly) 


61 
: id Rolled - 
a 
1 Sma illed, 


' 


faced and glotted 


eamed 


ock 
i\\ed and Y 


When 7 Parts 
are Reduced to 1 


True it’s something of a record when 7 parts 
are combined to make 1... 
eliminating all except 1 reaming operation. 


PROOF POSITIVE 


The illustrated cam originally required 7 parts, 
individually machined out of cold rolled steel, and 
then assembled by brazing. 


ARWOOD ENGINEERS 
Redesigned the part to incorporate all 7 parts 
into one casting. What's more the alloy was changed 
to give improved service and longer life... 
all at substantial savings. 


WOULD YOU LIKE TO INVESTIGATE? 


Let our engineers show you how to apply 
the precision casting process in your indus- 
try, so your company can also realize syb- 
stantial savings in money and production 
time. Drop us a line and we will have one 
of our sales engineers call on you. 


* 


If you would like further information about the process 
before requesting our representative, write for our booklet, 
"Alloy Selection and Design for Investment Castings.” 
We also recommend the book "Investment Castings for 
Engineers’, published by Reinhold Publishing Corp. 


S 
2, 


ARTOOD 


PRECISION CASTING Corp. 
68A WASHINGTON STREET B'KLYN 1, N. Y. 


Plants: Brooklyn, N. Y. e Groton, Conn, e Tilton, N. H. 
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an easy way to cuf your 


production costs 


OILITE does it- 
with FINISHED MACHINE PARTS 


No investment in machine  . Releases skilled manpower to 
tools other jobs 


No costly tooling programs No material supply problems 


FIELD ENGINEERS AND DEPOTS THROUGHOUT 
UNITED STATES AND CANADA 


Oilite Products Include: Bearings, Finished Machine Parts, 
Cored and Solid Bars, Permanent Filters and Special Units, 
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P ww how | McGRAW-HILL 
MET GU MA | TECHNICAL WRITING 


NIENTE. uus 
COSTS 


INTEGRATED publishing 
service prepared to under- 
take a project from research 
ov Brown and Bigelows 
Kediflame 
EHE WT Zu 


and planning through fin- 
ished manuscript and art, 
typesetting, mechanical 
preparation, printing and 
binding. Whatever the situ- 
ation, whatever the type of 
literature you need, our edi- 
torial and art consultants can 
help you, bringing to your 
most specialized job the 
craft and skill of publishing 
experts. 


WRITING EDITING 
ILLUSTRATING 
PRINTING 




































You get more than castings 
that meet specifications from Twin 
City. Over 30 years' experience has given 
Twin City Die Casting Co. the die-making 
ingenuity and casting know-how that not only 







holds castings to tolerances . . . but cuts pro- 
duction costs and HELPS MAKE SALES! 
Here’s how Twin City applied that experience to 





casting parts for Brown & Bigelow’s popular TO YOUR OWN OR 
Rediflame gas lighter. GOVERNMENT SPECIFICATIONS 
THIS WAS THE JOB: Whether you need an in- 


struction book or service | 
manual, to accompany your 
equipment, written to gov- 
ernment’ specifications . . . 


Cast a light-weight desk model lighter body 
holding all tolerances. Every casting to be smooth 
and accurate to accommodate seals and “O” 
rings. Body to be built around two large oppos- 


ing cores. Eliminate shrink drop. Cast top and . or product catalogues I 

lever to specifications, lever to be plated. or training booklets .. . or i 
annual reports . . . or com- 

THIS WAS TWIN CITY'S ANSWER: pany histories . . . our writ- | 


ing staff can do the job for 

you, our artists can create 

and execute the illustra- 

additional cores were included in the die to D — Veonpedem | 
printing, binding, and paper 

resources are among the : 
best in the country. 


All specifications were met and held. Rediflame 
body was cast in aluminum, lever and top in 
zinc. By working with the customer's engineers, 


eliminate assembly operations. In other places, 
drill spots were cast. '*'O" rings sealed perfectly 
as required 


HERE'S WHAT THIS CAN MEAN TO YOU! SAVE MONEY AND TIME 
Twin City’s ability to work with your engineers LET OUR STAFF BE 

to cut your final production costs . . . its years YOUR STAFF FOR 

of experience and casting know-how can show TECHNICAL and BUSINESS 
PUBLICATIONS 


ASK 
OUR REPRESENTATIVE 
TO CALL 




















real profits for you. Get all the facts, contact 
Twin City Die Casting Co., oldest die- 
casters in the upper Midwest. Let Twin 
City engineers demonstrate how experi- 
ence can pay off for you. 





Write * Phone 


Technical Writing Service 
McGraw-Hill Book Co., Inc. 


330 W. 42nd St., N. Y. 36, N. Y. 
LOngacre 4-3000 






ban cee can am coe aa mene ame cue ex one el 
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If you want to see a “drawing board dream” take shape 

just turn a metal furniture or appliance designer loose who knows 

Van Huffel. Chances are he'll come up with an idea that will surprise 
you — but not us. We've become accustomed to making in all kinds 


of metal “impossible” shapes designers put on paper. 


TRANSPORTATION 


BUILDING CONSTRUCTION 


Nanlluffe 


TUBE CORPORATION - WARREN, OHIO 


COMMUNICATIONS 


where ideas take shape — 


tem d 


n ; : d mmm 
for the industries that serve the nation 












STEEL TUBING 
IS ECONOMICAL and QUALIFIED 


HERE'S WHY! Avon thin wall steel tubing—''as welded,” hard 
drawn, or soft annealed —cures plenty of cost and production 
headaches . . . has successfully supplanted other types of tub- 
ing—copper, aluminum, brass and steel, — where reliability, 
performance and price all meet at the cross roads. 


Hundreds of diversified manufacturers specify Avon Fusion- Te 
weld Steel Tubing for its clean, smooth O. D... . 
strength, greater 

. extreme ductility and adaptability to the 
toughest tube forming operations . . . 
pressure tested advantages in hydraulic and pneumatic 
applications. 


























to vibration 














and for its hi- 


Avon engineers can assist you in cutting cost angles— 
whether its in tubing by the coil, or by the car load. 














HERE'S HOW? Avon Fusionweld is produced by our 
own exclusive, hi-cycle, resistance welding methods 
to provide tubing of superior quality to serve the most 

critical needs for bending, beading, flaring, coiling, 

slotting, threading, knurling, perforating and swaging. 
That spells lower cost forming. Fusionweld tubing is held 
to closer tolerances on wall thickness—that guarantees 

uniform strength, less scrap loss! 




















The consistent tubular strength achieved by Fusionweld 
is due to its unique single wall construction . . . 
uniform grain structure in both wall and welded areas. 
That insures maximum resistance to tearing, cracking or 
checking at the weld or wall. Its smooth O. D. achieved by 
the new Fusionweld process likewise 
provides an ideal surface for plat- 
ing operations. These features, 
coupled with approval by the 
leading testing laboratories, plus 
constantly expanding list of prominent 
tube users is your positive safeguard 
when specifying Fusionweld — "The 
Tubing With a Future." 


WN. 


d] 










Y«" O.D. to %4” O.D. Plain or Terne Coated 
We can fabricate tubing forms to your specifications. 











HIGBIE 


MANUFACTURING CO. 











ROCHESTER MICH 





Catalogs 
and 
Bulletins 









Request additional information using 
postcards following page 24 





(P-1) PRECISION ALUMINUM 
EXTRUSIONS—Precision Extrusions 
Co., Catalog, 96 pp. Under general in- 
formation it gives the advantages of 
the process, tolerances, and available 
alloys and specifications. Covers com- 
pletely: architectural, furniture, and 
standard moldings; structural shapes; 
and all shapes of tubing. Has illustra- 
tions, dimensions, and engineering data 
of all aluminum parts that can be pre- 
cision extruded. 


(P-2) PICKLING—American Chem- 
ical Paint Co., Bulletin 13, 80 pp. 
Completely describes the pickling pro- 
cess, action of the acids, preparation of 
the metal, operation of the bath, and 
suggested practices for the pickling of 
various parts and metals that can be 
proc essed by pickling 


(P-3) CASTINGS & PATTERNS 
Howard Foundry Co., Catalog, 72 pp 
Has many illustrations showing the 
production of aluminum, magnesium, 
semi-steel, bronze, brass, and electric 
alloy steel castings. Has full page 
tables on: conforming specifications; 
nominal compositions and mechanical 
properties of aluminum base alloys, 
and similar tables for other casting and 
pattern materials 


(P-4)POWDER PRESSINGS The 
United States Graphite Company, En- 
gineering Handbook G-53, 44 pp 
With the use of color diagrams, the 
method of producing powdered press- 
ings is explained, and die design con- 
siderations are made clear. One page 
illustrates "do's and don't's" in the 
design of powder pressings. Other data 
includes tolerances, dimensional limi- 
tations bearings loads and permissable 
speeds and clearances for pressed pow- 
der bearings, correct machining, the 
composition and properties of fifteen 
grades of both non-ferrous and ferrous 
powder pressings, and illustrations of 
pressed powder parts. Supplement A 
lists 132,000 different sizes and shapes 
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OH ydraulic Cylinders by 


Mullins Ko/Z//o* Process are 
less expensive ana better... 


because 


d. ROUNDNESS to within 0.001" 


/ STRAIGHTNESS to within 0.002" 
AZ 


CONCENTRICITY to within 0.005" total 


SMOOTH N ESS—no *Q"-ring wear 
d 
Koldflo Cylinders have NO TAPER 


and are made up to 42" long 


... and with integral bottoms 
ig Honing! J 


Hydraulic cylinders are made by the Mullins Steel 


KOLDFLO* Process in one piece, coming from the 
presses with smoothness, h ardness, strength and pre- 
cision never before achieved 

This process eliminates costly 3-piece construction 


and substantially cuts production costs. 


d In addition, hydraulic accumu- 
(4 7? lators made by the KOLDFLO 
+ Process lose less pressure in per- 


formance tests Less pressure 


is lost because of the better 
“Q”-ring seal characteristics 
of the surface of hydraulic 
accumulators produced by this 
method. 


* If you're tired of 3-piece tub- 
Cat leaf ing and casting cylinders; if 
Ld . you want a round, straight hole 
with no taper; if you want 
BETTER CYLINDERS, 
write for your copy, Hydraulic 
Cylinders, Bulletin No. 2, 
today. 


j K dfi Divi ion 
Alloy Steels! MULLINS MANUFACTURING CORPORATION 


SALEM, OHIO 


Product Engineering — 1954 Annual Handbook Di3 





CSHEMMNGD pe? ner ro mes 


oaet t New Catalogs 
and Bulletins... 


are listed toward the 
end of every section of 
the HANDBOOK. 
These new reports 
from manufacturers 
keep you posted on 
everything newly avail- 


able to you. 


. 
Flared bronze bushings, centrifugally cast and finish-machined by Shenango. You can easily 


SHENANGO Centrifugally Cast Parts | obtain new catalogs 
"litot-Made' to your specifications and bulletins... 


AS advantage you buy with every your specific job. (3) Modern machin- simply by filling in the 
Shenango part is the assurance ing facilities and skilled workmanship convenient post cards 
the part will give the longest possible give you semi- or precision-finished : i " 
wear and if precision-machined parts precisely as specified, at following page < t. 
by Shenango you know it will fit minimum cost These post cards also 
perfectly on delivery 


FREE BULLETIN No. 150 covers non- have spaces for you to 
HERE’S WHY... ferrous metals; Bulletin No. 151 cov- indicate ADVERTISED 


's Meehanite Metal, Ni-Resist and 
(1) Shenango centrifugally cast parts vers Mee , nme 
| ; PRODUCTS about 


They are free from sand inclusions, which you d like to 


blowholes and other often hidden SHENANGO-PENN MOLD COMPANY 


defects. (2) You specify the ty pe metal Centrifugal Castings Division : T 
get the data you ındi- 
so the completed Shenango part is Dover, Ohio g ata \ 


are moreuniformand pressure-dense special iron alloys. Address... 
f 


know more. You will 


actually “tailored” to last longer on xecutive Ofhces: Pittsburgh, P cate directly from the 
manufacturer. Make 
use of these handy. 
postage-paid cards. 


ALL RED BRONZES - MANGANESE BRONZES + ALUMINUM BRONZES 
MONEL METAL * NI-RESIST * MEEHANITE METAL 
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small...large 
Services Available ‘ 





Designing * Engineering poo sumple . ee 1itricate 


Die Making * Metallurgical Control 
In zinc, aluminum or magnesium 
Most Modern Die Casting Equipment 
Complete Machining, Polishing and 


Assembly Facilities 


STEWART 


DIE CASTING UM 


ILL., 4535 FULLERTON AVE....BRIDGEPORT, CONN., 275 WARREN ST. 







CHICAGO, 

































































No. 110-¢ 


No. 210.15 


Destaco Toggle Clamps offer extreme flexi- 
bility in fixture design, being adaptable to your work-holding 
problems in every field of mass production. Whether you're 
drilling, reaming, milling, bonding, welding or assembling, you 
get more production, fewer rejects and lower tooling costs 
when you specify Destaco fast acting toggle clamps. 

Destaco clamps are precision made, with reamed bearing 
holes and hardened pins; series 210, 220, 228 and 240 now 
have full length hardened bushings, for years a feature of our 
heavier models. Eliminating elongated holes and sloppy action, 
Destaco gives you precision alignment and smooth, fast, 
powerful action—from the first part to the last. Fool-proof, posi- 
tive locking and release—no cams—and friction-relieving offsets 
in handles and links. Cold drawn solid bars, forged portable 
clamp jaws and handles. Many accessories for adapting to vary- 
ing fixtures and production. Pressures up to 4000 pounds. 


Call our stocking representative listed below for assistance with your tooling 
problem or ask for 36-page catalog describing over 45 models. 


ALABAMA MINNESOTA PENNSYLVANIA 
Dixie Type & Supply Co. Northern Machinery & Supply Co. Paul J. Fleming & Son 
930 N. 6th Avenve 2001 Washington Ave. S 907 wW. Wagner 
Birmingham 4 Minneapolis | Philadelphia 41 
MISSOURI TENNESSEE 
un E ER & Co. Ernst Machinery Co Mr. Ralph Landrum 
2628 E. Washington 1606 Oak Street 1107 Granada 
77 ied Kansas City 4 Nashville ó 
i H. O. Monahon Lewis Supply Co. 
CALIFORNIA 1007 Yale Avenue 477 S. Main Street 
Norman S. Wright & Co. St. Louis 17 Memphis 2 
meii ae c NEW YORK TEXAS 
los Angeles 2o Acme-Danneman Co., Inc. Tool Supply & Engr. Co. 
Norman S. Wright & Co. 203 Lafayette Street 1901 Canton Street 
2779 Folsom Street New York 12 Dallas | 
San Francisco 10 Root-Neal Co WASHINGTON 
GEORGIA 64 Peabod poem Norman S. Wright 
Pye-Barker Supply Co. Uiele 2 » 125 S. Stevens 
31 Pryor Street, S.W. Fink Tool Co Spokane 4 
rs At onto 3 i 801 Meigs Street Norman S. Wright & Co. 
Rochester 20 233 Ninth Avenue, North 
ILLINOIS M. J. Kelly Supply Co Seattle 9 
George A. Rieke Co 323 E. Water Street WISCONSIN 
549 W. Washington Street Syracuse | 


Triplex Supply Co 
Chicago 6 OHIO 830 N. Third Street 


F. N. Cuthbert, Inc Milwaukee 2 
INDIANA 2909 Detroit Avenue 


General Supply & Tool Co. Satide 10 ONTARIO 
140 S. Senate Avenue Die Supply Company Williams & Wilson Ltd. 
Indianapolis 4 1400 Brookpart Rood 11 Front Street, East 
KANSAS Cleveland 14 2i Toronto | 
H-H Tool & Supply Co. Die Supply Sales Co. Williams & Wilson Ltd. 
111 W. 2nd Street 311 Vermont Street 1465 Tecumseh Bivd., E. 
Wichita 2 Dayton 4 Windsor 
MASSACHUSETTS OREGON QUEBEC 
F. H. Robertson Co., Inc. Norman S. Wright & Co. Williams & Wilson Ltd. 
420 Broadway Avenue 1932 S.W. Water Street 544 inspector Street 
Maldan 48 Portland | Montreal 3 





DETROIT STAMPING COMPANY 
320 MIDLAND AVE. * DETROIT 3, MICH. 





Dos Product 


of bearing and bushings for which 
this company has die sets already avail- 
able. This supplement must be re- 
quested specifically. 


(P-5) DIE-LESS DUPLICATING 

O'Neil-Irwin Mfg. Co., Catalog 52-19, 
34 pp. Describes a line of power equip- 
ment for long run production opera- 
tions. Covers: benders; hydra-power 
bender; rod and power parter; power 
shear; notcher; punch press; power 
matcher and punch press; standard, 
finger, and radius brake; and roller. 


(P-6) MINERAL INSULATED 
WIRING General Cable Corp., 
Booklet, 24 pp. Entitled, “Safety Min- 
eral Insulated Wiring System", it con- 
tains a complete history and an ex- 
planation of its advantages and applica- 
tions. Photos of installations and com 
plete specifications are included. 


(P-7) HARDENING STAINLESS 
STEELS—Lindberg Steel Treating Co., 
Booklet, 24 pages Gives a complete 
story of the malcomizing process for 
surface hardening stainless steels. Con- 
tains 26 illustrations and tables telling 
what the process is, what it does and 
how it works. Discusses types of steels 
that can be treated, case depth, wear 
resistance, and stability at elevated 
temperatures. 


(P-8) WIRE FORMING Eastern 
Tool & Mfg. Co., Booklet, 24 pp 
General information on wire forming: 
wire loops and slides; metal stamping: 
deep drawings; and plating and finish- 
ing. Has illustrations of facilities and 
products made. 


(P-9) WELDMENTS & CASTINGS 

Acme Tank & Welding, Booklet, 24 
PP. Entitled, “The Facts About Weld- 
ments and Castings," it is directed to 
the manufacturers and designers of 
heavy machinery, equipment, and com 
ponents. Gives facts on steel plate fab 
rication as compared to castings. Has 
many illustrations 


(P-10) METAL STAMPING PROD. 
UCTS— The Crosby Co.. Bi )oklet, 24 
pp. Explains and illustrates methods of 
improving products, reducing the cost, 
and extending service life. Has analyses 
of thirteen stamped parts and fabricat 
ed assemblies as examples 


(P-11) HELPFUL PUBLICATIONS 

The International Nickel Co.. Book- 
let EA-92/18, 16 pp. Lists publications 
on materials and the industrial fields 
to which they apply. Fields covered are: 
aircraft, automotive, ceramics, diesel. 
electrical and electronic, gears, glass, 
marine, mining, paper and pulp, rings, 
tubing, and machine tools. Also has 
sections on nickel brasses and bronzes. 
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Every casting here is 
cutting somebody’s costs 


Put. 


DOVERS SHILL 


to work for you! 


ke these 


sht 


;: the better for Hoover 
asting experience and for 


the skill of Hoover n design engineers 


X-ray and metallurq erts. eff nt 
ana ostwise prodi nethod 
Perhaps Hoover Die gs can cut costs or 
jf YOUR product 


mprove the sales è 
Ll alk it over with a )over sales engineer Also 
"T, te for the new 5rmative booklet Hoover 
e Castings." THE HOOVER COMPANY, Die 
ton, Oh 


»n, North ^4 intor + 


asting Divis 


Specialists in the SN 
field of die castings es, 


ila 
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There’s a LAPEER oa 


Clamping Device to meet up 233/22 3 p 


your every clamping need st with Allee 


@ Rubber-to-metal, dipped, form-dipped, 
molded, extruded and die-cut rubber com- 
ponents for industrial production . . as- 
suring electrical and thermal insulation, 
noise and sound abatement, corrosion and 
abrasion resistance . these products and 
services enable ARco Engineers in providing 
industry with economical solutions to “im- 
possible” production problems. 

Your product will gain in quality — you can 
achieve greater economy — by consulting 
ARco Engineers. Competent recommendations 
are yours without obligation. 


A WEALTH OF INFORMATION—FREE! Learn of 
the many advantages in quality, economy and 
service offered you by ARco rubber applications 
Send for this valuable material today 


— unmatched for rugged use, 


dependability, speed and AUTOMOTIVE RUBBER CO., INC. 
long service - 12558 Beech Road at P M.R R., Detroit 28, Michigan 


ARCO RUBBER PROCESSORS 


4033 OMESTEAD ROAO HOUSTON, TEXAS 
ANYTHING CAN BE COVERED E s 


Meee log MANUFACTURERS * DESIGNERS * ENGINEERS 


uc CENTRIFUGAL 
: CASTINGS 


Exhaustive tests in laboratory and years of practical use 
have made these LAPEER devices the choice of the leading "- à 

manufacturers for applications in drilling, grinding, welding, l'o seal Freon gas under pressure was a headache 
and in all operations requiring fast and reliable clamping. for one concern until they turned from washers 
Recognized as clamping engineers, we con give you much made from porous sand castings to the use of 
valuable assistance on any set-ups involving the clamping leak-proof Non-Gran Spun Centrifugal Castings. 
and holding of parts during processing. Let us help you; our Rejects dropped from a costly 35*; to practically 
engineers will gladly discuss your clamping problem at nil. After four years the company continues to 
your plant use Non-Gran Spun Centrifugal Castings. Take 
advantage of their greater resistance to wear, 


Send for complete catalog. Templates (full, half and quarter size) on request 


Sales offices in principal cities fatigue, shock and abrasion to lower your costs, 
me KNU-VISE i improve your product. Request booklet, write: 
PRODUCTS LAPEER MFG. CO. American Non-Gran Bronze Co., Berwyn, 


Pa. 
3058 DAVISON ROAD * LAPEER, MICHIGAN 


Dies 
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Illustrated here you see a few typical examples of thousands 
of Steel-Weld Fabricated parts and assemblies produced 
and machined by Mahon for hundreds of manufacturers of 
heavy machines and other mechanical equipment. If parts of 
your product could be redesigned and produced to better 
advantage through Steel- Weld Fabrication, or, if you require 
a limited number of large heavy pieces, in which pattern costs 
are a consideration, you can turn to Mahon with complete 
confidence . . . personnel and facilities are available within 
the Mahon plant to do the complete job from drawing board 
to finished machining. You will find in the Mahon organization 
a unique source with complete ultramodern fabricating, 
machining ond handling facilities to cope with any type 
of work regardless of size or weight . . . a source where 
skillful designing and advanced fabricating technique 
are supplemented by craftsmanship which assures a 
smoother, finer appearing job embodying every advan- 
tage of Steel-Weld Fabrication. See Mahon's Insert in 
Sweet's Product Design File, or write for further information. 


THE R. €. MAHON COMPANY 


DETROIT 34, MICHIGAN 


Purpose 


» 





REYNOLDS ALUMINUM HANDBOOKS 
on 


DESIGN and FABRICATION 


ALUMINUM FORMING MACHINING ALUMINUM 

Describes accepted ALLOYS—Discusses all 
practices for bending, phases of aluminum ma- 
forming, and drawing chining including avto- 
aluminum, matic screw machining. 


FREE: Single copies of 


these and other valuable hand- 


J books are free when requested 
on business letterhead. Other- 
wise the price of each book is 


one dollar. 

For a complete listing of hand- 
books in the Reynolds Library on 
Aluminum Design and Fabrica- 


HEAT TREATING ALU- tion, see Reynolds green insert 
MINUM ALLOYS—Ex- Section B. 

plains the methods and 

results of heat treating REYNOLDS METALS COMPANY 

suitable aluminum alloys. 2598 S. Third St., Lovisville 1, Ky. 


REYNOLDS ALUMINUM 


MODERN DESIGN HAS ALUMINUM IN MIND 


MINIATURE PARTS 


SHAFTS 
Low friction, long life, accurate, metal- 
lographic finish, and low cost. 
PIVOTS 
Micro-smooth instrument pivots. 
TUBES 
In diameters up to 36" cut and formed 
in a variety of materials. Burr free 
cutting. 
PIVOT ~SETSCREW-NUT ASSEMBLY 
Low friction, rugged instrument type. 
Available in any quantity. Versatile. 
SHAFTS AND BALLS 
For sleeve type radial and single ball 
thrust bearings. Low cost. Extremely 
rugged. 
WELTON INSTRUMENT SOLDER PASTE 
A soft solder for hair springs, etc. No 
: " corrosion after soldering. 
A - Sotele dys.» Se | WELTONON-TREATED BUTTONWOOD PITH 
: ; eaning and lubricating 
scribes Sintaloy's unusual plant instr ode end al 
facilities. ument shafts and pivots. 


Service on Miniature Parts 
Centerless Grinding. Swaging. Thread Roll- 
ing. Knurling. Burr-free Tube Cutting. Rod 
Cutting. Silver and Alloy Plating 


\ P ENGINEERING ASSISTANCE ON ALL ITEMS 
v cdm n VV elton V. Johnson 


Dixon Crucible Company ENGINEERING COMPANY inc 
535 Hope St. Stamford, Conn. 95 SUMMIT AVENUE ° SL 
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only RICHARDSON 


offers this complete 
plastics service... 


c Ena =E 


MATERIALS i ' MOLD PRODUCTION 
DEVELOPMENT |€ 


INSUROK 
plastics 


SIX PLANTS 
ad Write for Illustrated Booklet, "LAMINATED INSUROK" 


ae S : 
teg f 
TYLER, TEX. 
ww meme, Fhe RICHARDSON COMPANY 
MELROSE PARK = N. J. 
iLL. SSS - FOUNDED 1858—LOCKLAND, OHIO 
TERR. NEWNAN, GA. — 2768 Lake Street, Melrose Park, Illinois (Chicago District) 
INDIANAPOLIS, IND. OGDEN, UTAH SALES OFFICES IN PRINCIPAL CITIES 
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BULLETIN 161 


2 
BULLETINS 




















on 
SHORT RUN 
STAMPINGS 











BULLETIN 


FOR . » » DESIGNERS 


METHODS ENGINEERS 
PROCESS ENGINEERS 
PRODUCT ENGINEERS 
MECHANICAL ENGINEERS 
RESEARCH ENGINEERS 
SUPERINTENDENTS 
PURCHASING AGENTS 

























SEND FOR THESE HELP- 
FUL BULLETINS TODAY 








PA 











owes 


101 


FEDERAL TOOL & MANUFACTURING tO 


SERVICES BULLETIN NO. 161 describes the facili- 
ties that make Federal a one-stop stamping 
service. Specifications cover special die stamped 
wrenches, nameplates, and quality short run 
stampings from any stampable material. 


COSTS BULLETIN NO. 101 shows how Federal's 
special dies give the accuracy, exact dupli- 
cation, and tolerances of permanent dies pius 
saving as much as 80% on die costs. 


TOOL AND MANUFACTURING CO. 
3621 ALABAMA AVE. (ST. LOUIS PARK) 
MINNEAPOLIS, MINNESOTA 


"QUALITY STAMPINGS IN SMALL QUANTITIES” 












IE E) 











t" 















dica 
BENDING MANUAL 


by the originators of “Die-less Duplicating” 


bend" 











Insuring Your 









This instructive and authoritative booklet will quickly prove 
itself indispensable wherever bending is done or is needed. It 
brings you a veritable gold mine of tested, authentic bending 
methods applicable to any rotary type bender. The proper 
bending technique may frequently offer a new approach to 


an old problem by simplifying product design and cutting 
production costs 
























The exact methods of producing various types of bends in a 
wide range of materials are illustrated, step by step, with 

over 90 diagrams and charts together with valuable 
e tooling suggestions 












You'll want a copy . .. 
ü l Mail your request today. 


/ 


| uU. 








oo” SION MAC HNES n 


- r+ 4 = 
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«tss oup 
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420 8th Ave 
Loke City, Minn 













Product Engineering 


PROGRESS 
THROUGH 
RESEARCH 


With industry finding it wise 
and profitable to invest much 
more every year in new product 
development and research, this 
recent Product Engineering report, 
“Insuring Your Progress Through 
Research," takes on particular 
timeliness and value. 

Eight sections make up the re- 
port, with each section prepared 
by men who are experts in their 
fields. The important aspects of 
establishing and conducting an 
effective research program are 
covered in considerable detail. 
Subjects discussed: 


Organizing for Industrial Re- 
search 

e Obtaining and Keeping Re- 
search Personnel 

e Policy Matters in Laboratory 
Design 

e Choosing and Evalucting Re- 

search Budgets 


e Patent Licensing Policy and 
Procedures 

e Independent Research Facili- 
ties 

e Government Research Data 


Thirty pages 50 cents a copy 










Write: 


Reader Service Dept. 


Product 
Engineering 


McGraw-Hill Building 
New York 36, N. Y. 
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—consult the new 


HUDSON 
DATA 
FILE! 


-including 
@ STANDARD DRAWN 
CASES & COVERS 


© SPECIAL METAL 
STAMPINGS 


@ SPECIAL COVER 
& CAN ASSEMBLIES 


-the complete guide to precision metal parts 


The new Hudson Handbook contains full engineering data and specifications on hundreds of 
standard cases and covers. All are craftsmen-made to provide a quick, economical solution to 
component psoblems. Keep a copy of the Handbook on file in your engineering and purchasing 
departments. Request yours now! 


All drawn cases and covers in the new Hudson Data File are standard and 
orders are filled promptly from regular factory stocks. Quality metal stamp- 
ings are precision made to your exact specifications. For complete informa- 
tion on standard components, consult the Hudson Data File—for specifica- 
tion metal stampings, call or write Hudson for prompt service! Address 
inquiries to Desk 410. 


tar ^ ? 


HUDSON TOOL AND DIE COMPANY * INC 


118-122 SO. FOURTEENTH STREET, NEWARK 7, NEW JERSEY 
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nickel alloy steels, chromium nickel 
stainless steels, nickel castirons, nickel 
plating, nickel alloy steels and others 


ATLANTALLOY 


PLASTER MOLD CASTINGS CAN 
SOLVE YOUR DESIGN PROBLEMS 


(P-12) CASTINGS—Meehanite Metal 

Corp., Bulletin 37, 20 pp. Devoted to 

| a series of case histories showing how 

metals by this company have taken the 

lace of cast iron and certain types of 

steels. Also has an alphabetical tabula- 

| tion of castings that have replaced 

critical materials. Gives properties of 

the various types of metal made by this 
company ` 


Atlantalloy plaster mold precision castings 
provide non-ferrous castings cast to ordinary 
machining tolerances, effecting definite savings 
in machining and other costly operations 
Atlantalloys are characterized by high 
strength, durability, and many 


NO. 
10 
YELLOW 
BRASS 


Atlantalloy 


NO. 
20 
ALUMINUM 
BRONZE 


Atlantalloy 


| NO. 
31 
High Tensile 


MANGANESE 
BRONZE 


Atlantalloy 


NO. 
40 
High Strength 


ALUMINUM 
“Tenzalloy” 


NO. 
ALUMINUM 
Atlantalloy 


29777; 


other advantages 


An all-purpose alloy for brush 
boxes, gears, levers, etc. Fine 
grain, clean, smooth surfaces 
assure tightness. Easily ma- 
chined. Free from porosity. 
Fatigue resistant. 


Excellent for gears and bear- 
ings. Strong, light, zinc-free. 
Highly resistant to corrosion. 
Machines well. 


High strength engineering ma- 
terial for gears, valve bodies, 
electrical mechanisms, etc. Ex- 
tremely durable. No heat 
treatment needed. Can be 
cast in thin sections. 


Attains high strength through 
natural aging. Free from in- 
ternal stress and skin hardness. 
Ideal for machining. 


Perfect as instrument alloy. 
Fully uniform with no internal 
strain, Can be used for accu- 
rate, thin-sectioned castings. 


for free copy of “Quality Pre- 
cision Castings for Industry.” 
Get full data on our plaster 
mold process and alloys. 


ree— 


Le: 


Fstablished 


HH QUAU 


Macr orm 


for 


oe 


(T c e NP A 
| 2 


OE 


CASTING and ENGINEERING CORP. 


721 Bloomfield Avenue e Clifton, N. J. 


PRescott 9-2450 


(P-13) HYDROFORMING—-Cincin 
nati Milling Machine Co., Booklet M 
1759, 16 pp. Illustrations show each 
step in the process of Hydroforming, 
a method of drawing various shapes 
in all kinds of sheet metal with fewer 
operations. Each operation is explained. 
Discusses the tooling; operating cycle; 
controls; and applications 


| (P-14) GEAR CHECKING—Illinois 


Tool Works, Booklet AD-21, 16 PP. 


Shows apparatus, set ups, and testing 


| for runout and side wobble, a diagram 
of an angular velocity test under load 


and chart, a worm gear rolling fixture, 
and a device for runout and size check- 
ing. 


(P-15) EXTRUDING MACHINERY 

The Standard Machinery Co., Cat- 
alog, 12 pp. Features the latest models 
of extruding and vulcanizing equip- 
ment for rubber and plastics. Also 
describes in detail complete installa- 


| tions of assemblies for thermoplastic 


wire insulating and for continuous 


| vulcanizing. 


| (P-16) VACUUM METALLIZING 


F. J. Stokes Machine Co., Catalog 
725, 12 pp. Describes in detail how 
this coating process can be applied to 
the surfaces of plastics, metals, glass, 
paper, textiles, leathers and many other 
products. Covers pre-treatment, draw- 
ing of vacuum, metallizing, and finish 
ing. All phases of the process are il 
lustrated. 


(P-17) INVESTMENT CASTINGS 

Precision Metalsmiths, Inc., Book- 
let, 12 pp. Describes the range of 
possible uses for investment castings 
and the facilities available. Step-by-step 
illustrations show the process of cast- 
ing ferrous and non-ferrous alloys for 
parts ranging in weight from a frac- 
tion of an ounce to more than 5 
pounds. 


(P-18) FLAME PLATING—Linde 
Air Products Co., Booklet 8065, 12 pp. 
Describes the features of flame plating, 
lists the properties of the coatings, and 
the results of the wear tests of flame 
plated tungsten carbide coatings Ap- 
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You can get 
this year’s 
HANDBOOK... 


if vou aren't a. Product 
Engineering | subscriber, 
by subscribing now to the 
leading product -design 


engineering magazine. 


» » » fabricated to 


ege as Twelve 
your specifications 
There's no substitute for "accuracy" in the fabrication 


. ^ 
! informative 
of Plate and Sheet Metal Products, nor is there a 4 N . 

substitute for ''experience" in the shearing, forming Í g issues eee 


and welding of metals. With Littleford you can be 

assured of both accuracy and experience, in the pro- 1 i K a 
ducing of quality weldments Littleford fabricated | of Product Engineering 
Weldments have all the inherent strength and tough- P 

ness to withstand shock, strain, vibration and severe k per year will enable vou 
service. Littleford alse fabricates Tanks, Bins, Vats à . s 
Panelboards, Hoppers, Louver Covers etc., from Mild ? / m abrang "Verve 
Steel, Stainless, Aluminum, Monel and Nickel. Send E — s to keep abreast of eve ry 


——— thing new in your field. 


Every month, this publi- 
cation delivers the au- 
thoritative editorial cov- 


erage which makes it the 

LITTLEFORD BROS., INC. ^ L Zn 

508 E. Pearl St., Cincinnati 2, Ohio design - engineers — pre- 
ferred magazine by 


making it more helpful 


ot a Fart Problem? and profitable to read. 
A new 
«€; 6eoe HANDBOOK 


every year... 


comes to you às an extra 


supplement to your regu- 
lar subscription, at no ad- 


ditional charge! 


Use the 
subscription 


— cards... 
Try Metal Powder Parts! following pages B32 and 


Save time, money and machin- of shapes in materials tailored H32 
ing operations by using Metal to your requirements . . . fast 
Powder Parts. We work to close and at reasonable cost 


tolerances an r i "s available — editori: 
" d are equipped to Write for informative booklet of notes est " til ibl li rial 


engineer and produce a variety on application of Metal Powder Parts service to you: Product 


Metal Powder Products, Inc. 


413 W. Fifth St Phone Michigan 0396 Dayton 2, Ohio 


to start benefiting 


immediately from the fin- 


Engineering and the an- 


nual HANDBOOK. 
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take 


Consider Scaife Company Water Heater Tanks for example. They're built 
to every customer's exact specifications . . . making use of Scaife Company's 
advanced production techniques that ensure dependability, uniformity and 
economy in every unit produced. 


Through continuous research, rigid quality control and over 150 years of 
manufacturing experience, Scaife Company is well fitted to develop top- 
flight pressure vessels in the quantities needed to supply your production line. 


Whether you require water heater tanks, ASME, or other code or non- 
code pressure vessels, you'll find Scaife Engineering skill and ingenuity 
can provide the answers to your problems. 


May we send you more detailed information on Scaife pressure vessels? 
Write: Sales Department, Scaife Company, 26 Ann Street, Oakmont 
(Pittsburgh District), Pennsylvania. 


pick! 


SCAIFE PRESSURE VESSELS WILL MEET 


YOUR SPECIFICATIONS 


E 


TYPICAL USES FOR 
SCAIFE PRESSURE VESSELS 


* Tanks for Air Compressors 

* Tanks for Railroad Cars 

* Tanks for Water Heaters 

* Diesel Engine Starting Tanks 

* Tanks for Pneumatic Control Systems 

* Hydro-Pneumatic Tanks for Well Pump 
Systems 

* Domestic Water Purification Tanks 

* Gas Cylinders and Tanks (ICC and 
ASME) 

* Tanks for the Plumbing Industry 


SCAIFE COMPANY 


J] 
F OAKMONT (PITTSBURGH DISTRICT) PENNA 


MAKERS F PRE URE 
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NEW BOOKS 


Automotive Bearing Manual. 96 pp. 
8 x 10 in. Johnson Bronze Company, 
New Castle, Pa. $1. 


A well organized discussion of auto 


motive 


bearings, this manual 


Starts 
with | 


basic bearing considerations, and 


( Dx S ribe 5 
illustrates all types of bearings such 


as: direct babbitted bearings; non-pre 


requir 1 bearing properties 
and 


cision bearing liners; 
h 


bearings floating 


precision 


bearings; can 


insert 
typi 
shaft bearings; sleeve type bushings; 
and thrust washers 
All types of lubrication systems are 
explained with colored illustrations of 
! 


ich. Auxiliary systems and oiless sys 


tems are also discussed 


The large st section of the book IS 
devoted to automotive bearing care 
This section is sub-divided into the 
following groups: recognition of en- 
gine bearing difficulties; meaning and 


mportance of precision; diagnosis of 
bearing difficulties; analysis of bearing 
failures; and correction of bearing dif 
ficulties 

Subjects lik replacement without 

oving shaft; rod and main bolt 
torques 1 head bolt torques are also 
briefly discussed 
Non-Metallic Bearings. Published 
by The American Society of Me- 
chanical Engineers, 29 West 39th 
St., New York 18, N. Y., $2. 

This annotated bibliography t S 

| s | references to the litera 

th past twel irs. Th 
sI s of non-metall i 

gs S 1 as their manufactur 1 
sig roperties, wear lubrication per 
sting and applications 
rly of bearings le of rul 
I Y 1 ] ph l | st 

5 pregnate l fabr 

id 


Design For Fine-Pitch Worm Gear- 
ing. Published by the American So- 
ciety of Mechanical Engineers, 29 
West 39th St., New York 18, N. Y., 


$1.50. 


A design procedure for 


g worms and 
wo p s with axes right angles 
omprising cylindrical worms with 
hel h is. the w gear b g 
hobbed r fulh ceat oth sur 


Power Transmission 


faces. This standard gives the propor- 
tions of worms and worm gears, values 
of diameter for all possible combina- 
tions of leads and lead angles within 
the standard, and tooth proportions 
based on normal pitch for all combina- 
tions of standard axial pitches and 
An table 


the difference in departure 


lead angles extensive gives 
from a 
straight side of the worm profile and 
the changes in pressure angle produced 
} 


by cutters or grinding wh 


) 


Is of 2 in 


Mechanical Power Transmission 
Apparatus. Published by the Amer- 
ican Society of Mechanical Engi- 
neers, 29 West 39th St., New York 
18, N. Y. Paper B 15, $1. 

This 


rsion 


diffe rs 
in that it 


code trom the 1935 
iber of 
lg statements, 


and new requirements, all d 


contains a nun 
signed 


parts ol 


juppment used in the mechanical 


transmission of pow including prime 
Overs, intermedit equipment, and 
iriven machines x luding point ol 


provisions for the 





safeguarding ol mnecting rods 
1 Huw | haftino -— l 
inks ywn iS snalting spindies 
m | : 
pulleys, belts, chains, ropes, gears, 
sprockets, dr S lutches, counter 
veights f pr ting parts bolts, 
i 
Keys, set $s A ) 5 nd similar 
rojections 


Power Plants for Aircraft by Josepb 
Liston, Prof. of Aeronautical Engi- 
neering, Purdue University. 6 x 9 
in., 577 pages. Published by Mc- 
Graw-Hill Book Co., 330 W. 42 St., 





New York 36, N. Y. $8.50. 
Included ar mprehensis om 
parisons of the many tvpes of iet and 
iprocating power | ts, a funda 
mental analysis of the theoretical power 
[ [ M k S i omparisot o i tual 
g pertorn with the theoret 
\ s, and S ssion ot some oil 
he practical prob S ountered in 
ition and tes e 
Almost all th iw advances in th 
1 that have been declassified are 


l 
limits of. gov 


box yk consid 


$ the Das principies of reci 


liscussed. and within the 
ns the 


proc ating 






Product 


Engineering 








engines, turbo Jets, turbo props, ram- 
rockets, and potential nuclear 
types. Review questions and problems 
are included after each chapter 


Jets, 


Internal Combustion Engines bj 
Lester C. Lichty, Prof. of Mechani- 
cal Engineering, Yale University. 
Sixth Edition. 583 pp, 6 x 9 in. Pub- 
lished by the McGraw-Hill Book 
Co., 330 West 42nd St., New York 
36, N. Y., $7. 


Contents of this text include: ther- 
modynamics of engine analysis; the 
combustion process; air-standard cycle 
analysis; internal 
jxrocess analysis; 
knock and knock rating; carburetion 
and fuel injection; manifolds and mix 
ture distribution; valves and valve 
mechanisms; ignition. of the charge; 
combustion chamber design; lubrica- 
tion; engine cooling; 


combustion engine 


fuels; combustion 


engine pe rtorm 
principal moving 
parts; engine vibration and balance 


ance; mechanics of 


Aerodynamics of Propulsion Pb; 
Dietrich Kuechemann, and Jo-Han- 
na Weber, 340 pages, 6 x 9 in. Pub- 
lished by McGraw-Hill Book Co., 
330 W. 42 St., New York 36, N. Y., 


$9. 


Written for the designer and stu- 
dent, this essentially 
practical with some theory in handling 
No detailed knowledge of general aero- 
dynamics or of higher mathematics, 
other than differential calculus, is neces 
sary to understand the material 

Major types of propulsion systems 
are reviewed. Particularly interesting 
and new is a detailed discussion of the 
aerodynamic aspects of the 
screw, the ram jet, and the turbo jet 

Here in volume, is collected 
much material previously unpublished 
or widely scattered. The topics include 
engine fairing, air intakes, jet-engine 
installation, and cooling. These are in 
cluded in order to extend the under 
standing of flow phenomena and also 


pre sentation 1S 


ducted air- 


onc 


with a view to practical use in aero 
nautical engineering 

Subjects which have already been 
treated in other texts, including air 


turbines are 
touched upon briefly, or are presented 
in the 


screws, compr ssors and 


light of new jet data 
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» P g^ 3" r 
Friction force,Ib & 4 i $ 4 1 
cable cable cable coble cable 
mp 121 0 8 11 E uc Lora 
| | l i | | i 2.00" 0D i 
e Eos Pris! E E L | | i 
e T1 T1 I T i 
Cable | Cable l i ! | | 1 
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Coble diameter,in 


Fig. 1—Curves of friction vs cable diameter for 200 Ib cable tension and 90 deg cable bend 


From: REPUBLIC AVIATION CORP. 
TEST REPORT 


Dynamic and Static 
Friction Forces in 
Cable-Pulley Systems 


Friction is caused by cable bending, ball bearing load and cable twisting. Tables and graphs indicate 


magnitude of friction force and relation of force to pulley diameter, cable tension and cable angle. 


SYSTEMS DEPENDING upon pulley- system can be designed to operate at portant factors in the determinatiot 
cable combinations for operation nor- a4 maximum etficiency the friction in the system 
mally require an initial load to over : : An analysis of Table I indicates that 
come the friction force that is caused Bending of the Cable the bending friction Incrcascs rap dly 
by The single greatest source of fri it the small cable bends and thet 
1) The friction of bending the tion is the bending of the cable about reaches a point where it remains sul 
cable around the contour of the pulley the pulley and is responsible for th: stantially constant. The bend angle a 
2) The friction of the ball bearings increase in friction with an increase which the friction levels off depends 
of the pulley in cable diameter for a particular pul upon the pulley size and cable dian 
3) The friction of the cable twist ley, and the increase in friction with ter, increasing with a decrease in pul 
ng and digging into the pulley a decrease in pulley diameter for a ley size and an increase in cabl d 
Once these forces have been iso- specific cable. Thus, the flexibility of | ameter. Fig. 1 shows the increase of dy 
lated and are known, a pulley-cable the cable and the curvature are the im namic friction. with. decr pulley 
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Table I—Relation of Total Dynamic Friction Force 

















g and cable friction when th 


ng a onstant Spe 
To find the total stat friction fotr 


the values from Fig. 3 to th 


th 


tion of 


} 
tne 


Wil 


occurs 
DD 
"T 


Lriction 





internal friction caused by deforma 
balls and races under load 
sli 


high lications 


in contact 


4 


must 


tions are shown in Figs. 4, 
cable tensions. Fig 


rious 


Cable | Cable Angle of Wrap, deg 
; Size |Tension 
i p". 1 in Ib 10 | 20 50 | 60 | 70 ; 80 | 90 | 100 | 120 | 140 | 160 | 180 
/ 
i d =- 
¢ 4 
1 Y I Y 3/32 50 0.24| 0.44 70 70| 0.70| 0.72 73 75, 0.78 80 0.82, 0.83 
100 0.45| 0.88 42 42| 1.43, 1.43 45 49| 1.55 60 1.62) 1.65 
I A À 50 0.16 0.25 33 34) 0.35) 0.37 38 40 42 43 0.45 45 
100 0.31. 0.50 66 68| 0.70. 0.74 78 80 84 86 0.87 88 
gp 32 150 0.47) 0.77 99 03) 1.07) 1.12 16 20 25 29 1.30 32 
200 0.65 1.02 32 37| 1.42) 1.48 54 58 65 TA Z4 75 
> Y ` y 250 0.87| 1.30 67 75| 1.83 1.90 96 00 07 12 2.16 18 
50 0.16 0.30 45 45 0.45 0.47 50 5 55 60 0.60 62 
100 0.32, 0.57 92 92, 0.95 0.97 00 05 12 17| 1.22 25 
3/32 200 0.72| 1.22 87 90 1.95 2 00 05 12| 25 35 2.40 45 
300 | 1.07 1.85 75, 2.80, 2.90. 3.05 15 25| 3.42 55 3.62 75 
400 1.50 2.50 75 80 3.92 4 10 22| 35 55 67 4.80 90 
50 0.25 0.40 67 70 0.70 0.70 7 77 80 85 0.90 90 
100 0.47 0.80 40 40 1.40 1.40 42 50 60 67 1.70 70 
i 1/8 200 0.95. 1.70 70 70, 2.75. 2.80 90 00 70 30 3.32 35 
i T 300 1.50, 2.60 10 10| 4.15, 4.25 4.40) 4.50 75| 4.90. 5.00. 5.00 
^ 400 2.00 3.45 45 50 5.60 5.70 75 00 30 50 6.60 70 
d 50 0.32 0.60 90 0.90 0.90 0.92 00} 1.02) 1.10 15 1.20 20 
e 100 0.70 1.15 77 80 1.80 1.90 97 00 15 22 2.30 30 
Y 5/32 200 1.40 2.35 50 50 3.60 3.70 85 00 15 25 4.30 35 
300 2.15 3.50 20 30 5.40 5.60 80 00 20 40 6.50 55 
400 2 80 4.70 00 10; 7.25) 7.50 80 95 25 50 8 65 80 
50 0.40 0.70 15 15 1.20 1.20 25 30 35 40 1 40 40 
100 0.85 1.45 30 35 2 40 2 40 50 60 70 80 2.80 85 
3/16 200 1.60 2.80 55 60 4.70 4.80 00 15 35 50 5 60 65 
300 2.30 4.10 75 95 7.05 7.25 45 70 00 20 8 35 45 
Be 400 3.20 5.70 10 30 9.45 9.70 00 20 6010 9011.10 30 
50 0.10 0.17 22 22, 0.25. 0.25 27 30 30 30 0.30 30 
100 0.25 0.37 45 45 0.47 0.50 53 55 57 60 0 60 60 
3/32 200 0.45. 0.73 87 90 0.95 1.00 05 07 12 15 1.17 17 
300 0.73. 1.10 30 37| 1.45| 1.50 57 63 70 75; 1.75 75 
400 1.00 1.50 75 85 1.92 2.05 10 15 25 30 2 35 35 
500 1.30 1.90 20 30 2.43 2.55 62 70 80 87 2.92 95 
50 0.15 0.22 27 30 0.32 0.35 35 37 40 40 0 40 40 
100 0.32 0.47 60 62 0.65 0.70 73 75 80 85 0.85 85 
- i 1/8 200 0.67 1.00 17 23) 1.30) 1.37 43 50 55 60 1.65 65 
i D 300 1.02 1.55 80 86 1.95 2 05 15 20 30 35 2 40 45 
400 1.40 2 05 35 45, 2.57, 2.70 80 90 00 10 3.17 20 
F 500 1.83| 2.57 95 10} 3.25) 3.40 50 60 75 90 4.00 05 
€ 
50 0.17 0.30 38 40 0.42 0.45 47 49 52 54 0.55 55 
100 0.40 0.65 80 83 0.87 0.90 95 97 03 05 1.07 07 
Y s Y 5/32 200 0.80 1.25 57 65 1.73 1.83 90 95 03 08 2.10 10 
300 1.20 1.90 37 50; 2.63 2.74 83 90 00 08 3.13 15 
400 1.67. 2.60 15 35 3.50 3.63 75 83 97 08 4 15 20 
500 2.05 3.22 95 17, 4.37, 4.55 67 80 95 10 5 20 25 
50 0.25 0 40 55 57 0 60 0 60 60 60 60 65 0 65 65 
100 0.45 0 75 07 09 1.10 1.15 18 20 30 35; 1.35 35 
3/16 200 0 85 1.50 10 15| 2.20| 2.30 40 45 55 60 2.65 65 
300 1.35| 2.30 20 25 3.35 3.45 60 70 83 90 3.95 00 
400 1.70 3.10 20 30 4.45 4.65 80 90 10 20 5.30 35 
4. 500 2.25 4.00 30 45 5.65 5.80 00 15 40 6.50 6.60 6.65 
Fig he increase Bearing Friction be considered but for low speed pul 
se of cable s The bearing friction is caused by ley-cable combinations it can be con 
I ues of Table I are the to 1) sliding contact between the sidered to be negligible 
forces caused by balls and the separator pockets; 2) 


The isolation of the bearing fric 


Product Engineering 


and 6 
for the various pulley sizes at various 


7 shows the 


tensions 


The 


Increase 


V 


maxi 
mum value of bearing friction a 


cable 


4 
in 
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to Angle of Wrap (For various tensions and cable sizes) 





Angle of Wrap, deg 
Cable | Cable 
Size Tension 

















in. Ib 10 20 40 50 60 70 80 90 10 120 140 160 180 
3 
5 50 0 0.15) 0.17, 0.17, 0.17, 0.19 0.20, 0.22, 0.24, 0.25 0.25 0.25 0.25 
100 0.17 0.30 0.34 0.35 0.37; 0.39 0.41) 0.43 0.45 0.47 0.49 0.50 0.50 
s 200 0.35 0.60 0.68 0.70 0.75 0.80 0.84 0.87 0.90 0.94 0.96 0.98 0.98 
à 1/8 300 0.55) 0.87; 1.03) 1.06; 1.12); 1.18) 1.25) 1.30) 1.35) 1.41) 1.45) 1.47) 1.47 
, 400 | 0.75 1.17, 1.38) 1.44 1.50) 1.60) 1.67 1.75 1.80 1.88 1.94 1.96) 1.96 
3 500 | 0.95) 1.47) 1.72) 1.80 1.88) 2.00) 2.10 2.17, 2.23 2.34 2.40) 2.43) 2.45 
i 0.375 600 | 1.15) 1.80 2.10) 2.18 2.30) 2.40, 2.53 2.60 2.67 2.80 2.85 2.90) 2.94 
, 
; d i so «0.10 0.16 0.20 0.21 0.24 0.25 0.26 0.27 0.27) 0.29 0.30, 0.30! 0.30 
100 0.20, 0.35 0.45 0.45 0.47) 0.49 0.51 0.55, 0.57, 0.60, 0.62, 0.62, 0.62 
i 200 0.45 0.70 0.88 0.90 0.94 0.97) 1.05 1.08 1.12 1.20 1.22 1.25) 1.25 
: 4 375 500 5/32 300 0.67) 1.05) 1.33) 1.35; 1.41) 1.50) 1.55) 1.64; 1.70) 1.79) 1.81} 1.85) 1.85 
) 1 400 | 0.87 1.40 1.75) 1.80) 1.90 2.00 2.10 2.20 2.25 2.35 2.40) 2.45) 2.45 
) | : 500 1.07 1.80| 2.20 2.27) 2.40 2.53, 2.65 2.73 2.80) 2.90 3.00) 3.05) 3.05 
Y 600 | 1.40 2.20 2.65 2.77 2.90 3.07 3.20 3.30 3.37| 3.50 3.60| 3.65| 3.70 
) Y 
50 0.12 0.20 0.27 0.27, 0.27 0.30, 0.30 0.32 0.34, 035, 0,37, 0.37 0 37 
) 100 0.27 0.45 0.55, 0.56. 0.57, 0.60. 0.63. 0.66. 0.67| 0 76, 0.73, 0.75| 0 75 
) 200 0.57 0.90 1.12) 1.15 1.17 1.22) 1.27) 1.32) 1.40) 1.44 1.44 1.45) 1.45 
) 3/16 300 0.87; 1.35) 1.69) 1.72 77; 1.85; 1.92; 1.98) 2.03) 2.10) 2.15) 2.17) 2.17 
) 400 1.20 1.85 2.25 2.28 2.35 2.44 2.55 2.63) 2.70) 2.80 2.86) 2.90) 2.92 
) 500 1.50; 2.27) 2.80; 2.85; 2.95; 3.08 3.20) 3.30) 3.37) 3.50; 3.55] 3.60) 3.63 
600 1.95 2.83 3.35) 3.45 3.57 3.74 3.85, 3.97) 4.05) 4.18 4.26) 4.33) 4.40 
) 
) | 50 0.17 0.27, 0.37, 0.38 0.40, 0.41. 0.43. 0.45. 0.47| 0.48. 0 49| 0.50| 0.50 
j I 100 0.35 0.57 0.74| 0.75 0.76. 0.77, 0.81. 0.85. 0.87| 0.90. 0 95| 0.95| 0 95 
200 0.67, 1.15 1.47 1.50 1.52 1.55 1.60 1.68 1.75) 1.83 1.83) 1.92) 1.95 
14 300 1.05 1.73 2.20 2.22 2.25 2.35 2.45 2.54 2.60| 2.74 2.80) 2 87) 2.90 
| 400 1.35 2.35 2.95 2.97 3.05 3.16 3.30 3.40 3.50 3.63 3.73 3.80) 3 85 
| | 500 | 1.70 3.92 3.70 3.75 3.85 4.00 4.14 4.25 4.35) 4.52) 4.65) 4.74] 4.80 
Ss 600 2.10 3.50 4.42 4.50 4.63 4.80 4.95 5.10 5.20 5.40 5.55) 5.65) 5 80 
] eee | Geese | que | qe —— — — — — — —  — ee | —— 
50 0.10 0.16 0.18 0.18 0.20 0.21 0.22 0.22 0.22 0.23 0.24 0.25| 0.25 
100 0.22 0.33 0.35 0.36 0.37 0.40 0.41 0.42 0.45) 0.47 0.50) 0.50) 0.50 
200 0.45, 0.68 0.75 0.76 0.80 0.82 0.84 0.87 0.90) 0.95 1.00 1.00) 1.00 
) 3/16 300 0.70 1.00 1.12) 1.15 1.17 1.20 1.25| 1.30 1.35) 1.43 1.48 1.50) 1.50 
400 0.93 1.33 1.50 1.53 1.55 1.60) 1.67, 1.75 1.80) 1.90, 1.95) 2.00} 2.00 
| 500 1.12| 1.67; 1.87; 1.90| 1.95| 2.02! 2.10! 2.17! 2.25| 2.35| 2.42| 2.47| 2.50 
600 1.40, 2.02, 2.25 2.30 2.37 2.45 2.53 2.62 2.70 2.82 2.90) 2.96; 3.00 
) 
50 0.10 0.18 0.24 0.25 0.26 027 029 030031 032 032, 0.32| 0 32 
100 0.23 0.38 0.50 0.50 0.53 0.55 0.57 0.60 0.61 0.64 0.65) 0.65 0.65 
200 0.45 0.7 1.00' 1.02) 1.05) 1.10) 1.15) 1.17) 1.21; 1.25) 1.28) 1.30) 1.30 
“4 300 | 0.75 1.17 1.50 1.52 1.55 1.62 1.70 1.75 1.80! 1.86 1.92 1.95| 1.95 
400 1.00 1.60 2.00 2.02) 2.07, 2.17 2.26 2.35 2.40 2.50 2.55 2.60) 2 60 
500 1.25| 1.97, 2.50. 2.53 2.60. 2.72. 2.83 2.92, 3.00) 3.10 3.20) 3.24 3.25 
| 6. 600 1.50, 2.43| 3.00 3.05 3.15 3.30 3.40) 3.52 3.60 3.75 3.82) 3.87) 3 90 
J — ques || eee | een | queen | ques eee — — ——— —— — Ó—— 
) 100 0.05 0.08 0.08 0.08 0.09 0.09 0.10 0.10 0.11 0.11 0.12) 0.12) 0.12 
200 0.11; 0.15) 0.15) 0.16 0.17) 0.17, 0.19 0.20 0.21 0.23 0.24 0.25 0.25 
) 3/32 300 0.19, 0.24, 0.25, 0.25 0.26 0.27, 0.28 0.30 0.32 0.34 0.36 0.38 0 38 
) 400 0.23 0.33 0.33 0.34 0.35 0.36 0.38 0.40 0.43 0.45 0.48 0.49) 0.50 
) 500 0.29, 0.40 0.41 0.43 0.44 0.46 0.48 0.50 0.53 0.58 0.60 0.62) 0.63 
) 
50 0.05| 0.08, 9.10, 0.10. 0.11| 0.11! 0.12| 0.12, 0.13, 0.15| 0.15. 0.15, 0 15 
j 100 0.10) 0.17, 0.20 0.21, 0.22) 0.24 0.25 0.26; 0.28 0.30 0.30 0.31 0.31 
200 0.20| 0.35) 0.40) 0.42) 0.44) 0.48) 0.50 0.53) 0.55 0.75 0.60 0.60; 0 60 
j í 300 0.34) 9.55) 0.60, 0.63) 0.68) 0.72) 0.75 0.79) 0.82) 0.85 0.88! 0.90! 0 90 
) 400 0.45; 9.70, 0.80 0.85) 0.90| 0.94 1.00 1.05) 1.10 1.14 1.18 1.20 1.20 
j 500 0.57| 9.88 1.00 1.06) 1.13) 1.20) 1.25) 1.30) 1.35 1.42 1.45 1.48 1.50 
j de 600 0.75| 1.06. 1.23. 1.30! 1.37! 1.45 53| 1.58| 1.63 1.69 1.74. 1.78 1.80 
bearing friction for the small sizes at Friction of Cable Twisting looked. Fatigue of the cable can o 
the greater bend angles is caused prob T in this way and where reliability is 
able be defenmation Y the pull Ihe twisting of the cable has no | 2d nde ECT 
ler lo 7 unm aides wh dhe ah Amp 
der load. Although these values are 
low whin command to the | fric pulley combinations or with cabk : - sd 
f — M EAR Eri bends and tensions. Friction caused by Use of Tables anc Graphs 
tion Force the deformation can cause this is believed to be very small and The variables of bl 
a critical binding of the pulley and in can. therefore. be neglected system are 
aircraft could be a hazard to aircraft Cable twisting, however, can caus L) Palier didi 
| and crew safety other problems that should not be over ^) Cable tension 
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Fig. 5—Dvnamic friction for 
0.1900 bore, 0.6250 O.D. 
bearing at various cable ten- 


sions and cable bends. 
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Fig. 3—Difference between static and dynamic 
cable bend. These values can be added to the values of Table 
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friction of pulleys for cable tensions and 
find total static friction. 


the 14 dia cable impractical, especial 


ly if the cable run is long 

Graphs, similar to Figs. 1 and 2 
can be made that will allow cable 
pulley combinations to be selected at a 
glance especially if the weights are in 
cluded. Assuming a 200 lb cable ten 
sion and a 90 deg angle of wrap, Figs 
| and 2 indicate a friction force of 
5.00 Ib for a 2.00 dia pulley and a 


3/16 dia cable. The difference be 

tween the graphs is the abscissa—Fig 
| 

| using cable diameters and Fig. 2 


using pulley diameters 


The addition of the values found by 
using Fig. 3 to the values giv 
Table I will give the total stat 
tion for The static-dynan fr 
difference is small compared to th 
total friction involved, and thus th 
use of average values will not intro 
duce any appreciable error 

The dynamic bearing friction for 

creases with cable bend and bore siz 


is can be seen in Figs. 4, 5, 6 and 


Fig. 4 is the relation of cable tension t 
friction force for various pulley bores 
at 180 deg. Additional charts may b 
plotted by using Figs. 5, 6 and 

find friction at other angles of wrat 


Fig. 6—Dynamic friction for 
0.250 bore. 0.750 O.D. bear- 
ing at various cable tensions 
and cable bends. 


Fig. 7—Dvynamic friction for 
0.375 bore, 0.8750 O.D. bear- 
ing at various cable tensions 
and cable bends. 
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Magnetic Particle Clutches 





Fig. 1—Flange and foot-mounted 
magnetic particle clutches of 100 
Ib-ft torque capacity. 


Fig. 2—Four magnetic-particle 
clutch designs. (A) Stationary 
coil with a saturable magnetic 
bridge, which is advantageous 
when low inertia of the outer 
member is important. (B) Sta- 
tionary coil with a non-sat- 
urable magnetic bridge, which 
has a heavier outer member; 
this is a simplified drawing of 
a 10 Ib-ft, flange-mounted unit. 


Application of a magnetic flux to 
finely divided magnetic particles located 
in a gap between driving and driven 
clutch plates tends to bind the plates to- 
gether. The higher the magnetizing 
force, the greater the flux density and 
the greater is the power transmitting 
ability of the clutch. Conversely, the 
lower the magnetizing current, the less 
s the binding action between input and 
output members. In short, shear force 
between the magnetic particles is almost 
directly proportional to exciting cur- 

nt 

When this principle of power trans 
nission was first introduced, main uses 

sualized for the device were in con 
trol and servomechanism drives. In 
such applications, low inertia to torque 
ratios, the ability of the clutch to act 
as the final element in the control sys 
tem, rapid almost instantaneous re 
sponse to control current, and, because 
of little wear, constant operating char- 
acteristics throughout life made the 
lutch particularly attractive 


Consequently, initial use was con 


fined to relatively small devices. Since 
then, however, improvements in thc 
magnetic particle has advanced design 
to the point where clutches with torque 
capacities as low as 12 oz-ft and as 
high as 1,800 lb-ft have been con 
structed. They are being used for power 
transmission and braking on machine 
tools; for reversing drives on grinders 
for position control; for tension con 
trol on wire drawing and tape wind 
ing machines; for torque control in 
dynanometer drives; for regulating 
motor-generator sets; and for numerous 
other power and control applications 

Principal advantages are as follows 

* Ability to slip without wear for 
long periods of time; in this respect 
they are comparable to hydraulic torque 
converters and fluid couplings. When 
used for constant slip service, for fre 
quent load reversals or engagements, or 
for motor protection when accelerating 
high inertia loads, performance char 
acteristics remain substantially the sam: 
throughout life. 

* Ability to transmit torque without 





































S for 


slippage when completely magnetized; 
in this respect they are comparable to 
friction clutches or direct drive cou- 
plings. Mechanical efficiency is 100 
percent under this condition. 

* Low drag torque in the nonexcited 
conditions. When a magnetic particle 
clutch is used as a disconnect coupling, 
it seldom is necessary to specify a 
brake on the driven end. 

* Output torque can be controlled 
within limits. Heavy overloads 
simply result in slippage if the clutch 
is energized for a given torque. 

* Smooth operation, simplicity of 
control, and other features previously 
mentioned in connection with 
mechanism applications 

On the other hand, clutches of this 
type are somewhat larger physically 
than friction clutches. Price varies with 
size and construction, but is com- 
parable to other electric clutch drives 


( lose 


servo 


Construction and Operation 


In operation, d-c current is applied 
to a coil that magnetizes the magnetic 


ylindrical working gap 


Centrífugo fj ngers 


particles in the air gap. Several differ- 
ent magnetic particle mixtures have 
been proposed in the past, among them 
being Carbonyl E iron with petroleum 
oils, silicones, and graphite. Problems 
inherent in these particular mixtures 
in clutches—such as sealing and/or 
the tendency of the iron particles to 
settle and to segregate—have been sub 
stantially eliminated by newly devel 
oped dry magnetic mixtures 

Two general designs of stationary 
coil clutches are available — the sat- 
urable and non-saturable bridge types 
In the saturable bridge design, Fig 
(A) the outer clutch member, being 
made of steel, forms a magnetic short 
circuit insofar as flux through the work 
ing gap is concerned. Since the short 
circuit bridge will saturate easily, most 
of the flux will act on the magnetic 
particles in the working gap 

In the non-saturable bridge type, the 
outer clutch member is much thicker 
than that of a saturable bridge clutch 
Instead of being made of ferro-mag 
netic material, however, the 


center 
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portion directly under the coil is made 
of non-magnetic material so that the 
working gap is not short-circuited. The 
saturable bridge design, however, is 
more advantageous when low inertia of 
the outer member is desirable 

Although stationary coil design rep 
resents a simple construction without 
mechanical complications and the main 
tenance problems normally associated 
with a brush and slip ring arrangement 
many rotating coil clutches are in opera 
tion. These require a little coil 
structure because they have one less air 


le SS 


gap, so that control equipment may be 
slightly less costly. Another advantage 
of rotating coil clutches is that they are 
somewhat easier to cool, there being no 
stator around the outside of the rotat 
ing members. (Most clutches are air 
ooled, although water cooling has bee: 
used to obtain a substantial increase in 
heat dissipating ability for certain spe 
cialized applications. ) 

If constant slippage or repeated 
torque engagements or reversals are to 
be encountered in service, the clutches 





(C) Rotating coil with brush 
and collector ring assembly. 
(D) Rotating coil, multi-plate 
unit, which is a special con 
struction for low speed, higl 
torque applications. 
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Fig. 4—Performance curves 
for (Top) 10 lb-ft flange 
mounted (Center) 45 Ib-ft 
foot-mounted (Bottom) 100 
lb-ft foot-mounted, and 
(Right) 600 lb-ft clutches. 
Rated excitation is for con- 
tinuous non-slip service. 






Torque ibs- ft ond coil watts 


1,000 1,100 1,200 1300 


may have to be selected on the basis of 
heat dissipation instead of torque ca 
pacity. Heat dissipation ability varies, 
of course, with clutch construction and 
with operating speed. At 1,800 rpm, 
heat dissipation data for various sizes 
are as follows 

Torque Capacity 


Heat Dissipat 


10 oz-ft 35 watts 
10 lb-ft 190 watts 
iS lb-ft 350 watts 
100 lb-ft 150 watts 
200 lb-ft 
600 lb-ft 2,500 watts 


In any application, the amount of 
power that must be absorbed by the 
clutch can be determined by multiply 
ing the power input by the fractional 
value of slip (speed in, minus speed 
out, divided by speed in). Conversely, 
knowing the rated heat dissipation, per 
missible slip at rated torque capacity 
can be computed from power formulas 

In an application where the slip is 
not continuous, the duty cycle must be 
considered; most slip-service applica 
tions are in this category 

In on-off service applications, par 
ticularly when accelerating high inertia 
loads, slip loss must also be taken into 
account 

Speed of operation usually is not a 
limiting factor in clutch application. At 
high speeds, the particles in the gap 
may be subjected to accelerations of 
several hundred g, and, in a multipk 
gap clutch, Fig. 2 (D) may be forced 
toward the outer clutch plates. Ther: 
for multi plate designs are usualh 
restricted to low speed, high torque 
ippiications However, single gap de 


signs can be operated at 4,000 to 5.000 


rpn n nt rmed ate SIZCS at up 
000 rpm in a 600 Ib-ft capacity unit 
and at whatever speed the ball bear 


nes W ll W thstar l n units of 10 Ib It 


il 


Fig. 3—How torque varies with speed. Flat 
torque speed curves indicate value of clutch 


for control use. 


25 








capacity and smaller. Thus, a unit of 10 
oz-ft capacity is c apable of transmitting 
appreciable amounts of power. 

In general, recommended practice is 
to use a magnetic particle clutch in 
the high speed end of a transmission 
since required torque capacity is less 
and the clutch is smaller. But if low 
inertia or minimum backlash is im- 
portant, as in servomechanism applica- 
tions, or the clutch is to operate at 
high slip, economics may dictate use 
in the low speed end of the system. 

Clutch Control 

Torque of a magnetic particle clutch 
is almost completely independent of 
speed, Fig. 3 Control, 
tained by suitable control of the coil 
current or voltage. Relationships be- 
tween excitation and torque output and 
coil wattage are shown in Fig. 4 for 
representative clutch models. Coils can 
be wound for almost any voltage from 
low up to several hundred. 

Simple rheostat control, Fig. 5, is 
satisfactory for controlling loads in 
which thc 


therefore, is ob- 


torque increases as a tunc 
a blower or fan applica 
tion, in which the torque varies as the 
square of the 
example 


tion ot speed; 


speed, s an excellent 

In all cases where the coil circuit is 
opened (lower drawings) a discharge 
resistor should be provided to prevent 
the inductive “kick 
puncturing the coil insulation. A re 
sistor having a non-linear current-volt 


voltage from 


age characteristic is desirable because 


of its low current drain at normal volt 
ages. However, a common fixed resistor 


may be used provided the resistanc 


docs not exceed 5 times the coil re 
sista ni Care should b xercised in 
selecting the discharge resistor so tha 
the current rating of the rectifier or 


other power source is not exceeded. In 


Rheostat. 


Clutch or broke with rectifier switch in d-c line 


any case where the power source is 
alternating current, a variable ratio 


auto-transformer (such as a Variac or 
Powerstat) may be used to supply the 
rectifier. In many cases this will give a 
wider range of control more eco- 
nomically than a rheostat in the coil 
circuit. 

For speed control applications in- 
volving highly variable load torques, 
some form of feedback control system 
is necessary. 

A flyball governor driven from the 
clutch output and used to operate an 
adjusting rheostat results in a simple 
feedback control, but one of limited 
accuracy. Circuits using tachometers, 
vibration pickups, or frequency sensing 
elements will provide speed control 
within a fraction of one percent. 
When extremely fast response or com- 
plete unloading is encountered, the use 
of another magnetic particle clutch, or 
a clutch used as a brake, will prevent 
overspeeding. The use of a magnetic 
particle clutch as a brake is especially 
adapt able in cases of unloading, such 
as strand breakage in reeling opera- 
tions, generator switching service, and 
similar. applications 

Any magnetic particle clutch can be 
used as a brake by restraining the rota- 
tion of one member. The torque-excita- 
tion and torque-slip speed characteris- 
tics of such a brake are essentially the 
same as those of 
clutch 

Since the restraining force of such 
brakes is independent of speed while 
load deceleration is proportional to the 
retarding torque, the velocity of the 
load decreases linearly with time if 
excitation is maintained at a fixed value 
to zero speed IS 
smooth and chatter free, and at stand 
still, a magnetic particle brake Suid 


Operation down 


A-c line 


a corresponding 
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retarding torque when energized. The 
inherent characteristics of long life, 


small power control, fast response, and 
large ratio of power controlled to con- 
trolling power also apply 

In machine tools and vehicles, many 
engineers feel that braking applications 
may be very extensive 





Fig. 6—Magnetie particle brake used 
on precision boring machine manu- 
factured by the Ex-Cello Corporation 
to stop the boring machine spindle. 


Possible locotions 


D-c line 


Clutch or brake supplied from d-c line 





Fig. 5—Simple types of control cireuits. The rheostat may be manually or automatically adjusted, or not required 


at all if a variable transformer is used in the supply line. Note discharge resistors shown in the lower drawings. 
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: Sheet Metal Gears, Sprockets, 





W/hen a specified motion must be transmitted at intervals rather than continuously, and the 
loads are light, these mechanisms are ideal because of their low cost and adaptability to 
mass production. Although not generally considered precision parts, ratchets and gears can 
be stamped to tolerances of +0.007 in. and if necessary, shaved to closer dimensions. Sketches 
indicate some variations used on toys, househdld appliances and automobile components. 





Fi 
Fig.4 ha 
of 
a 
Fig. 1—Pinion is a sheet metal cup, with rectangular holes Fig. 3—Pinion mates with round 
serving as teeth. Meshing gear is sheet metal, blanked with pins in circular disk made of metal, E 
specially formed teeth. Pinion can be attached to another plastic or wood. Pins can be attached Fi 
sheet metal wheel by prongs, as shown, to form a gear train. by staking or threaded fasteners. to 
I^ 
Fig. 2—Sheet metal wheel gear meshes with a wide face Fig. 4—Two blanked gears, conically formed after Fi 
pinion, which is either extruded or machined. Wheel is blanking, make bevel gears meshing on parallel axes. a 
blanked with teeth of conventional form. 


Both have specially formed teeth. 




















Fig. 5—Wheel with waves on its outer rim to 
replace teeth, meshes with either one or two 
(shown) sheet metal pinions, having specially 
formed teeth, and mounted on intersecting axes. 
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Fig. 6—Two bevel type gears, with specially 





formed teeth, mounted for 90 deg intersecting Fig. 7—Blanked and formed bevel type gear mesh- i 
axes, Can be attached economically by staking es with solid machined or extruded pinion. Con- 
to hubs. ventional form of teeth can be used on both gear 
and pinion. 
Fig. 8—Blanked, cup-shaped wheel meshes with 
solid pinion for 90 deg intersecting axes. i 
Fig. 9—Backlash can be eliminated from stamped i 
gears by stacking two identical gears and displac- s 
ing them by one tooth. Spring then bears one 8 
projection on each gear taking up lost motion. ' 
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S Fig. 10—Sheet metal cup which Fig. 11—Blanked wheel, with Fig. 12—Worm wheel is sheet metal 
has indentations that take place specially formed teeth, meshes blanked, with specially formed 
of worm wheel teeth, meshes with with a helical spring mounted on teeth. Worm is made of sheet metal 
a standard coarse thread screw. a shaft, which serves as the worm. disk, split and helically formed. 


Fig. 13—Blanked ratchets with one sided teeth stacked 
to fit a wide, sheet metal finger when single thickness 


» is not adequate. Ratchet gears can be spot welded. 
after Fig. 14—To avoid stacking, single ratchet is used with b 
xes. a U-shaped finger also made of sheet metal. 

y 





Fig. 15 





Fig. 15—Wheel is punched disk with square punched 
holes to serve as teeth. Pawl is spring steel. 
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r mesh- 
n. Con- 
th gear 
es with Fig.17 
Fig. 16—Sheet metal blanked Fig.!8 
lamped pinion, with specially formed teeth, 
lisplac- meshes with windows blanked in a Fig. 17—Sprocket, like Fig. 3, can be fabricated from separate : 
ra sheet metal cylinder, to form a stampings. Fig. 18—For a wire chain as shown, sprocket is made by : 
lon. pinion and rack assembly. bending out punched teeth on a drawn cup. : 
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Designing Gear Trains 


Formulas and charts, embodying certain 
simplifying assumptions, are given for se- 
lecting the best number of gear meshes and 
ratios of individual meshes corresponding 


to maximum load accelerations. 


EDWARD G. BURGESS, JR. 





S V I Ins ( 
TO UTILIZE AVAILABLE MOTOR TORQUE to its greatest ad 
vantage in accelerating a load, the ratio of torque-to-inertia 
it the load sha st | im. When a gear train 
separates th yt ind this involves selecting 
| train. with I shows that equal 
ratios are unsatisfactory from an inertia standpoint 
Ordinarily, it is a tedious procedure to design for mini 
mun rtia. How r, formulas and charts have been de 
veloped to simplify th alculations involved. They ar 
par larly appl | the design of precision con ponents 


ıs servomechanisms and hydraulically-driven, linear 
lis] lacement mechanisms. Many analogous systems also 
be treated in a similar manner 


Single Mesh Connection 


This simple case is considered in detail since the prin 

ples also apply to the general case of »-meshes. Further 
more, the results are useful for estimating the optimum over 
ill ratio between motor and load when this ratio is unknown 

The system, shown schematically in Fig. 1, consists of a 
motor M driving a load L by means of a gear pair of ratio 
r consisting of a pinion P on the motor drive shaft and a 
gear G on the load shaft. The motor rotor, pinion, gear and 
load have the respective moments of inertia Iy, Ip, Ig and 
l; in in. oz sec? 

If the torque applied to the motor rotor is Ty in. oz, then 
the torque available at the motor shaft for accelerating the 


load shaft ts given by 


I, + Tea 
Tu Iwt+Iplay l 
where ay angular acceleration of motor shaft in rad/sec?, 
and 
ar angular acceleration of load shaft in rad /sec? 
Ms i 9 
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E POWER TRANSMISSION 


Tabie I—Comparative Inertia Data for Overall Ratio of 36.0000* 








































i Type Gear Train 4-Mesh 
Ideal Ratios From Eqs. (14) and (15) Tı 1.8835 
re 2.0105 
ar ba vs cesi ET 2.4330 
fà] .. a Ta 3.9076 
Practical Ratios (Approximating Ideal Ratios) | ri 64/16 = 4.0000 32/16 = 2.000 30/16 = 1.8750 
r2 144/16 = 9.0000 48/16 = 3.000 32/16 = 2.0000 
| i-i boqui. de lb 96/16 = 6.0000 48/20 = 2.4000 
Ios]. usen od RENS 64/16 = 4.0000 
i i 
| — Serer 
Equal Ratios lon | 6.0000 | 33009 | 2.4495 
À | re | 6.0000 3.3019 2.4495 
[A d s eR es 3.3019 2.4495 
f4 | > cy eee 2.4495 
| E | mort zii 
Ratios Taken From Figs 3-7 In | 3.74 2.15 | 1.89 
| ra | 9.75 2.90 | 2.01 
| ra | | 5.80 2.43 
| r a nw tenn new ewes | 3.90 
spoliis Lu pu e Ácido bod 
Inertia of Ideal Train, oz in? 28.4743 | 14.4310 | 12.7809 
Inertia of Equal Ratio Train, oz in? 46.6060 18.9727 | 14.0658 
Irertia of Practical Train, oz. in ? I 28.9363 14.5556 | 13.9597 
* Stainless Steel Pinion and Aluminum Gear Having 2/3 thickness of Pinion. 
M I Í 
Eliminating ay from Eqs (1) and (2), From Eqs (4) and (5), 
I - j I { 
I I l 
where Sa S LSS i with g gear pair 
[o derive an expression for J, in terms of Ip the gear “ d i as i 
ind pinion are assumed to be solid cylinders of diameters In Eq (3), /5 can now be repla n n tron 
ual to th respective pit h diameters Then, Eq (9) 


In this expression, Iy and J, are known; Ip is also known 


12 since it is normally made as small as possible. Accordingly, 
| 2 | for a given Ty, the load acceleration will be a maximum 
S ( | E in. gact p when the denominator of Eq (7) is a minimum. Letting 
g - 32 this denominator be represented by D, a minimum value 
| f D can be obtained by sols ng 
| i pitch. dia of pinion and gear, resp 
tively (in.), T anl 
thickness of pinion and gear, respectively or 
(in.), j2p 
density of pinion and gear material, respe P og 
tively (oz/in.*), ud 
acceleration of gravity (in. /sec-) Accordingly, from Eq (7). 
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Ratio of ( 
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Fig. 1—Single Mesh Inertia Connection 
Fig. 2—Two-Mesh Inertia Connection 


Fig. 3—Relation between Successive Mesh Ratios in Minimum 
Inertia Train 





\ ration of this shaft by a; ther 
| 
\ ) 
' 
I 
| 
o these r Of MDS H f ) 
[wo-Mesh Connection 
I i J 
" I ro l r4" / 
[ n 
A sh as e I 4 
D J 
Th W = 
t ] s ol ind 7 ik ng D minimu J 
h S uta ous solut OI M h Jua 5 
[ R 1 by th aD D 
hese problems V n v, Tor "y ana 13 
S St n S 
hrst be derived f it is assumed that 4 Å k and Ip, I po Ip 






s, that all pinions are the same size and material and 
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Drive motor mesh ratio rj 
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Overall ratio R 


Fig. 4—Motor Mesh Ratio for k = 1 


ull gears the same thickness and material, then this pair — for r, and substitute this value in D. Eq (18) assumes that 
quations will reduce to 


l i): 
| | n-Mesh Connection 

Eq i can be solved for r,? since &, Ip, Iy and I; are ne 0 ane insisting of a motor | r inertia 
known. This value of r,? used in Eq (15) gives rs Accord I. connected to « load rtia 1, through an n-mesh gear 
ngly, the optimum overall ratio 1s given by Eq (10) rain. the total reflected inertia of the svsi d he 

When the overall ratio R is known, reference to Eq (12) e shaft is 
indicates that a, is a maximum when D is a minimum, as 
betor However, in the expression for D ro, Can be re- ] I pe ] + 
placed by its equivalent value I iu I I 1 


j 


f 


u 
| To find the minimum value of D, solve the equation ri r 
| aD à i E 
0, or 17 where Ip lg; and r; are the inertias and the ratio of the 
ðr , s 
| gears in the 7 th mesh counting from the motor. Since 
( p 


las 


kl pr^, 
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4 Mesh fra ] 
6 8 IO 20 30 40 60 80 100 
Overall ratio R 
Fig. 5—Motor Mesh Ratio for k — 2/9 
| writt be reduced to a simpler set by forming the combinations 
ap i aD 
. l 0 25 
s R ð : R Or; 
xample, if ; 1, the following equation is obtained: 
; | 
I : I 2kol A 0 26 
> i I tu SVS rererred I dome 1 ) P T + of 
ng bo wy 1 1, the result is a set of » ] 
> i rons: 
f »» 
— 2 I , F / 
I r um, the general dka] oe 
s g otor torqu 27 
2knl : I : li 
By means of these relations it is possible to eliminate ro, rg 
; 2 
D T r, from any one of the Eqs (24) and so obtain an equa 
nvolving r, only. Having solved this for r}, values of 
1 A h 1 Y nato 1 E ^ =p 
d ; z r, can be determined in turn from the Eqs (27) 
, Lu ds "S Accordingly, the problem of determining the individual 
wh itisf i 

aS 3 tios in an #2 — mesh train can be solved so that for a given 

, motor torque the load acceleration is a maximum, the overall 

w ratio being, at first, unspecified. It must be admitted, 

2 24 however, that this is a tedious process unless » is small, say 

to four or less 

1 cf S g thi companion problem of determining the individual 

ilso satisfied, as it is in this cas ratios for maximum load acceleration when the overall ratio 
After performing the partial differentiations indicated in R is given is much more tractable. The calculations can be 
I tion n simplified if it is assumed that all pinions are similar and 
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that all gears differ only in pitch diameter, so that 
Ip ly li I; 
hi k. 28 
With these assumptions, Eqs (27) take the form 


kr? — kr.-i* — 1. (29) 


This set of recurrence relations can be made the basis of most 
problems connected with minimization of gear train inertia 
The general relation of Eq (29), namely 


6 —] 
N 2 


1 corresponding to pinions and 
gears of the same material and thickness and for  — 2/9 
corresponding to stainless steel pinions and aluminum gears 
2/3 thickness of pinion 

Now, having given the overall ratio R, 


e (90 
is plotted in Fig. 3 for 4 


OI 


R Eva 31 


With Egs (29), fw fni r. can be eliminated. Thus, 
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Finally, a relation is obtained between R and r, from 
which r, can be determined. The formulas connecting R 
and r, are given in Table II for small values of ”. The re 


lation between R and r, has been plotted for £ 1 and 
1 
, 2, 3, 4in Fig and for Å 2 and ”n Las 
4 í in Fig. 4 and f ? /9 and l 
in Fig. 5 


Determination of Number of Meshes 


To compare the inertias of gear trains containing different 
numbers of meshes it is convenient to make use of the con 
cept of inertia ratio. The inertia gear train is 
defined by 


ratio OF a 


Moment of inertia of train referred to motor sl 


ha 
>» 
R; = 
Moment of inertia of motor pinion 
Referring to Eq (21), 
I 
I M Inu “D2. 
R; = : 33 
l; 
If the assumptions embodied in Eqs (28) are mad s 
clear from Eq (21) that 
f l l r 
Ri | 4d s 
l 
34 


substituted in this 


Ei9 


The values of r,. ro, . . r, which are to be 
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| | 
2 Mesh train | | 
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9 | | | 
E 3 Mesh train | 
S 25} i 1 | 4 E E e | 
£ 
2 ) + + + + + —- - -— > +— + — 
5} + s— + —_—_+——— 
Fhe hh 
2 3 E 6 8 10 20 30 40 60 80 100 
Overall ratio R 
Fig. 7—Curves for Selecting Number of Gear Meshes for Minimum Inertia, k 2/9 


general relation are those minimizing D in Eq (23). When ratios are found from the set of Eqs (29), or from the ap- 
1 ] ) ar 





the overall ratio R is unspecified, these values of r; are given propriate curve of Fig. 3. 

by the simultaneous solution of Eqs (29) together with any The expressions for R, in terms of r, for small values of 
one of Eqs (24). When R is known, the corresponding n are given in Table III. Values of R, corresponding to a 
value of r, is found either from the curves of Figs. 4 or 5 given r, are plotted in Fig. 6 for é 1 and » EXE 
or by calculation from Eq (32). Having r; the remaining í; and ni Fig. 7 for 4 2/9 and the same » values 


Table II—Relationship Between the Overall Ratio R 


Table III—Inertia Ratio in Terms of Motor Mesh Gear 
and the Ratio of the First Mesh r, of Gear Train* 


Ratio for Different Numbers of Meshes 








mber Number | 
; Fori of Inertia Ratio R I 
Meshes, Meshes, n 
Fi trivial l R, — 1 ri? 
T 2 ) kr? l 
2 2 R l 
| ) | 2 21 
2 2 7 kr? l 
) Ry ] s 
PTT iban ce 
" z Y T 15 kr,“ l 
4 t R l 
of Ef = (BEE) CURE Ree 
2 2 Qi 





*The expressions have not been expanded in terms of r, since the forms given are convenient for the numerical com- 
putation of R in terms of r.. Having given n, k and R, r; can be determined from the appropriate curve. 
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Selectin g Motor-M ounted 


Magnetic Brakes 


J. AUDE 


Dings Brakes, Inc 


WHENEVER MAGNETIC BRAKES ARI 
USED for reducing the stopping time of 
electric motors in cyclic operations such 
as those encountered in production- 
line machinery and lifting cranes, the 
restraining force acts through the an- 
gular distance traveled by the brake 
during the stopping period and brings 
the load to rest. Too small a brake not 


only fails to shorten the stopping time 
sufficiently, but also imposes a limit 
on the number of stops per minute 
that can be made without overheating 
the brake; too large a brake may 
shorten the stopping time to the ex- 
tent of damaging the load. The ideal 
brake selection is one that produces a 
reasonable stopping time » is worked 
near, but not in excess of, its rated 
thermal capacity. If a larger brake 
torque must be selected to obtain suf- 
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Friction disks 

Steel spring 

Weor odjusting nuts 
Torque adjusting nuts 
Magnet assembly 
Pressure plote 
Armature 

Hub 

Stationary disks 
Manual release lever 
Mounting bracket 


Cover 


ficient thermal capacity, the torque 
can generally be adjusted downward 


suit the shock that the load will 


stand during stopping. This adjustment 
does not change the thermal load the 
brake can absorb, ex 
ing loads 


ept on overhaul 


Selection by Motor Considerations 


In the absence of specific data 
needed to select a brake on the basis 


thermal capacity, as explained be- 


E?! 

















DM MM M P 
L Wl wy e. 
A Z 
FW 
AAK 
LALLA 
FAF F, 
Ae y 
| WIFIIH if 
AW AY 
y 4 
A J 4 
» 
MT P 
d 
ALAVIY 
Pt RAY A. 
LOEO E a 72 I7 37 
PE EER A A 
ivi its Zi Z 
» d 
m Aili AY) 
- 
- i LLUMLAZ I 
: 4 WM ZI, 
o - á f 
g t ^ 
x z f 
o = / 

£ o 

5 t 

$ £ 

pore 

pete 

DG Ee KW 

Er | 

Daw eE Hu 334. | 

ILL MZ ELM I| 

27 eee 

— f Copyright 1952 7 P H 9i 
Dings Brotes, Ine 3,500\ f Á 
i 4 P. 
600 1,00 1,600 2,00 2600 3100 3600 Ol 02 0304 0608 | 2 3456 810 45 20 27 
Motor speed, rpm Horsepower-seconds per stop 
Fig. b Fig. 2 

low, brake torque should be made to 200 percent of motor full load as 10 hp-sec per minute by others. 
equal to the full-load torque of the torque. Therefore, with these motors, The 1/6 hp brake can thus be ap- 
motor to which it is attached. Refer- the stopping time of a brake selected — plied to a 10 hp motor, which is built to 
ring to Fig. 1, a 7.5-hp motor running on the basis of full-load torque of the dissipate 1.36 hp of loss continuously 
at 1.16 5 rpm has a full-load torque of motor is 100 to 200 percent of the while at 88 percent full load efficiency. 
on 34 lb-ft. The nearest standard + time taken by the motor to start the The ratio of continuous heat dissipa- 
size is the 35 lb-ft brake, which is load. This is usually satisfactory for tion capacities is therefore: 1.36 di- 
herefore chosen. When the hp-speed 'eneral-purpose work. When started vided by 1/6 or approximately 8 to 1 

iters an on Fig. 1 lies just above Ele E load, these motors take This ratio is borne out by the physical 
1 brake line, such as two horsepower proportionately longer to start, and, size of the two units, the motor having 
it 1,750 rpm, the smaller torque brake if braked while under load, stop in several times more cooling surface than 
iàay be used, here a 5 Ib-ft brake 

The stopping time of a brake se- 

l n this manner is referred to 
he time taken by the motor to start 
id, and figured from the aver 

g le g torque of the motor 
[his torq s the time average of 
h S ineous difference between 
the torque developed at the motor 
sh | th sist torque of the 
load, for the starting period only 
Thus, if a tor develops an average 
orque of 10 lb-ft over and above the 
fr nal torqu f the load in a 
Of S nd star g pe d then a 
constant application of 10 lb-ft brak 
ing to lur second will 
bring the load r neglecting th 
helpit ff $ f ) 

For polyphase squirrel-cage indu 
tion motor starting without useful 
output load, the average accelerating 
orque Is g illy in the range of 100 





proportionately shorter time 
Ordinarily, a motor with high aver- 
age accelerating torque is intended for 
driving machines that are started and 
stopped under heavy useful work load 
The resisting torque presented by the 
load is then sufficient to stop the motor 
and load quickly without a brake. It is 
customary to think of brake 
applications on full-load 
motor torque as stopping the load in 
as taken by the motor to 


therefore 
the basis of 
the same time 
start the load 


Brake Heating vs Motor Heating 


system of selection 
used as the basis for Fig. 1, a 15 lb-ft 
brake could be applied to a motor as 
large as 10 hp operating at 3,500 rpm 
The thermal absorption 
rating of this brake is in the neighbor- 
hood of 1/6 hp, although expressed as 
l manufacturers and 


Considering the 


cont 


Inuous 


ng 


125 watts by some 


Product 





the brake. It follows, therefore, that 


unless the motor heat per start is about 


eight times the brake heat per stop 
(11 percent average starting eth 


brake will not be matched 
And 
conditions, 


is little 


ciency ), the 
to the motor in thermal capacity 
for the worst operating 
that of rapid start-stop, there 
or no running time at full load 

Fortunately for the brake, the effi- 
ciency of the motor is low during the 
starting period. Thus the standard mo 
tor is not likely to be started oftener 
than the brake is able to stop a given 
load, particularly if the drive is started 
and stopped under useful output load 
Standard motors, vary suffi 
ciently in their capacity to start under 


however, 


load without over he ating. It is there 
fore advisable to refer to the motor 
manufacturer for a check on motor 
heating for the exact duty cycle en 


countered when: (1) The number of 
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LP EAE. e adi bé a dd 10 hp-sec/minute or (25watt broke, stopping continuously 


/ 7 hp-sec/minute or 875 watt brake, stopping one hour 
ip POY Sed __ /2hp -sec/ minute or (50 watt broke, stopping continuously 
gÉ 8hp-sec/minute or |OO watt brake, stopping one hour 
Ku "SUL e /4hp-sec/minute or 175 watt brake, stopping continuously 
dt Shp -sec/minute or 112 watt brake, stopping one hour 















Stops per minute 


lo3 04 





06 08 | 
Fig. 5 


starts under load exceeds four to six 
per hour, and/or (2) the starting time 
Similarly, the 
brake should be checked for thermal 
requirements when: (1) The number 
of stops exceeds four per minute, 
and/or (2) more than three seconds 
of stopping time are required 


exceeds 20 seconds 


Precautions for Overhauling Loads 


When overhauling loads are encoun- 
tered and no other but motor informa- 
uon given, it is well to consider a 
brake torque equal to the maximum or 
breakdown torque of the motor, which 
NEMA standards for normal-torque 
motors list as 200 to 300 percent of 
full-load motor torque. The brake 
will then be able to hold any load the 
motor is able to raise, regardless of 
any under-motoring or over-loading 
condition and still have a safety factor 
of twice the friction drag of any gear- 
ing involved. Furthermore, the larger 
the brake torque on overhauling loads, 
the shorter the time of stop, which de- 
creases the potential energy given up 
by the load in changing its height 
This results in less energy to be ab- 
sorbed by the brake as heat during 
the stop. If brake torque plus friction 
drag is allowed to decrease to a value 
equal to or less than the overhauling 
torque, there is no net torque avail- 


_/6hp-sec/minute or 200 watt brake,stopping continuously 
NN I| hp-sec /minute or !37 watt broke, stopping one hour 
EN /B hp-sec/minute or 225 wott brake, stopping continuously ard electric motor speeds. 
42 hp-sec/minute or 150 watt brake, stopping one hour `, ? 

_ 2/hp-sec/minute or 262 watt brake, stopping continuously 

/4 hp-sec/minute or 175 watt brake, stopping one hour 

Ew, 04 hp-sec/min or 300w brake, stopping continuously 
WA /6hp-sec/min or 200w broke, stopping one hour 


27hp-sec/min or 337 a brake, stopping continuously 
/B hp-sec min or 225 w brake, stopping one hour 






3 4 6 8 10 14 20 


Horsepower -seconds per stop (from Fig 2) 


able for stopping the load. As the 
load descends, the brake becomes pro- 
gressively hotter. Continued operation 
under these conditions may cause brake 
failure and consequent danger of load 
droppage. 


Selection of Brake by Thermal 
Capacity 

When complete data regarding a 
motor brake application are available, 
selection on the basis of thermal capac- 
ity is preferable to the full-load motor 
torque method. Three system con- 
stants are required (1) The inertia 
(Wr?) of the rotating parts, (2) the 
speed from which the stop is made, 
and (3) the number of stops per min- 
ute. The first two of these constants 
can usually be obtained from the 
manufacturer of the driven machine, 
while the third is generally a matter of 
user preference. From these values, 
the exact stopping time, the hp-sec per 
one stop as peak thermal input to the 
brake, and the hp-sec per minute as 
average thermal input to the brake, 
can be determined 

The series of curves shown in Figs 
2, 3 and 4 save calculations by show 
ing graphically the resultant brake size 
and stopping time for the usual case 
involving rotary motion only on non- 


overhauling loads. In Fig. 2, values 
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Fig. 2—First two system 
corstants — inertia. (Wr) 
of parts (1.2) and speed 
from which stop is made 
(1,750 rpm) — determine 
a per stop (1.1) in 
thermal-capacity 


od of brake selection. 


: 


for hp-sec per stop are plotted against 
inertia (Wr?) and (rpm) 
When the hp-sec per stop has been 
determined, this number is located on 
Fig. 3, where it 


spe ed 


is combined with the 
number of stops per minute desired to 
the 


determine the thermal rating of 
brake necessary for the job. The valu 
per stop is also used on I ig 
í to obtain the exact stopping time of 
the load when braked from nominal 


rated motor speeds to rest, using any 


for hp-sec 


of the standard motor-mounted brakes 
intended for NEMA frame sizes 203( 
to 326( 

The curves in Fig. 2 are based or 
the following relationship, where Wr? 
is the lumped moment of inertia of ro 
tating parts, including load and motor 
rotor, in lb-ft?; and N is the rpm fron 
which the motor and connected load 
are to be brought to rest 


Kinetic Energy (ft-l 
H p-se stop ES 
990 


; a(z) | 


The Wr? value consists of the total 
weight of the rotating mass in pounds 


times the mean radius of gyration in 
feet, squared This total can be calcu 
lated as the 


summation of several 


small Wr? values when all are rotat- 
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ing at the same speed. If this is not 
practical, each separate Wr? can be 
plotted on Fig. 2 to find the hp-sec 
per stop of the part at its particular 
S and the summation of the sev- 
eral hp-sec-per-stops taken as total 


peed, 
the 
energy per stop 
To illustrate 
thod of 
rhauling 


constants 


thermal 
brake selection, a 
load has the following 
Inertia of driven machine 
8 lb-ft? and of motor rotor is 0.4 
totaling 1.2 lb-ft*; 11 stops per 
minute are to be made from speed of 
1,750 rpm 

From Fig. 2 the hp-sec per stop is 
1.1. Applying this value to Fig. 3 for 
| stops per minute, it is found that 
brake rated at 12 hp-sec per minute 


the capacity 


non 


Ss U 


IN. ft 
ID-Il7 


suitable if the stopping cycle were 


ntinuously repeated Considering 
the variation among manutacturers, 
this thermal rating might correspond 
to a brake having a 10, 15 or 25 lb-ft 
torque rating. Beginning in the upper 
left hand corner of Fig. 4 with 1.1 


then moving down ver- 
750 rpm speed line, and 
horizontally to the three brake 
three differ- 
0.27 
for 15 
for 10 lb-ft 
te rmed satis 
uctory for general-purpose work 

If the usual three percent slip | 
tween no-load and full-load "iii is 
and the load considered 
be ing stop P sed from 1.800 or 3,600 
rpm, Eq (1) provides a quick rule of 
thumb x these two standard a-c motor 
he key relationships resulting 
from ocn dn in Eq (1) are: One 
hp-sec per lb-ft? when stopping from 
800 rpm, and four hp-sec per Ib-ft? 


hp-sec per Stop, 
ally to the 1 
finally 
torques listed just above, 
nt i stopping times art 
25 lb-ft brake, 0 
lb-ft brake and 0.66 se 
rake, all of which can be 


located 


S tor 14 sec 


1 i 
negiected 


S peeds 


when stopping from 3,600 revolutions 
m nute 
Additions for Linear Motion 
When horizontal linear motion ac- 
panies movement of the rotating 
nass, the hp-sec per stop for linear 
alone is 
i Kinetic energy (ft-lb 
l sec /stop — 
50 
0.5 MV* W,V* 
550 35.400 
wl M is the mass of that part of 
h ichine linear motion, or mor 
onveniently substituted as W,, the 
weight in pounds of that part in linear 
notion; and V is the velocity linear 
motion in feet per second 
The energies of rotary and linear 
TION arc then added Hp-sec per 
stop for rotary motion from Fig. 2 and 
hp-sec per stop for linear motion from 
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Eq (1). The total hp-sec per stop 
is then plotted on Fig. 3 to find the 
brake Paene capacity required, and 
on Fig. 4 to find the stopping time. 
The distance traveled by that part of 
the machine in linear motion is: 


traveled, in feet 
and / is time of stop, in seconds, from 
Fig. 4. 

Continuing the sample calculation 
above wherein the total Wr? of 
the rotating parts is 1.2 lb-ft? and the 
speed from which the stop is to be 
made is 1,750 rpm, there are the fol- 
lowing additional data: Stops per 
minute required by user, nine; weight 
1.000 Ib; and 
speed of linear-motion load, 5 ft per 
second 


where $ distance 


used 


of load in linear motion, 


The hp-sec per stop for rotary mo- 
tion from Fig. 2 is 1.1 hp-sec and from 
Eq (1) for linear motion is 

1.000 (5)? 


ü 7 hp-sec 
35,400 


The total hp-sec per stop thus becomes 
1.8 hp-seconds. 

Combining nine stops per minute 
and 1.8 hp-sec per stop on Fig. 3, the 
brake thermal capacity required for 
continuous stopping duty is 16 hp-sec 
per minute, or 200 This brake 
IS available in a torque rating of 50 
lb-ft which has a stopping time at 1.8 
hp-sec per stop, Fig. 4, of 0.22 second 


watts 


The distance traveled by the 1,000 Ib 
weight during the stop, Eq (2), i 
^ 8x5 0.22 0.55 ft 


Overhauling Loads 


For loads that, having been brought 
to rest, 


drive in the same direction as is true of 


still invite motion of the motor 


a loaded crane hook being power low- 
red, the motor-brake pri- 
marily a holding brake. On large in- 
stallations, brake is often 
nstalled purposes. On 
the small where the 
functions of stopping and holding are 
combined, the brake must 
descent not only the kinetic energy of 
the rotary and linear motion, but also 
the potential energy given up by the 
weight on the hook, due to its change 

height. This potential energy is 
equal to W, pounds of weight on the 
hook which has traveled $ feet down- 
ward during the stop, making WS 
Ib-ft of potential energy to be absorbed 

the brake as additional heat during 
the stopping period 

The total hp-sec per stop of a de- 
scending overhauling load, compared 
to that of the same load not overhaul- 


becomes 


a separate 
for stopping 
jobs, however, 


absorb on 


Product 





ing, is therefore a ratio larger than s! 
unity and can be shown as I 
H t 

T, à 

T, -— E. 3) b 

where T, is the brake torque and : 


T, is the overhauling torque, referred 


to motor shaft. This is a case where : 
the overhauling torque is fixed by the : 
application. The larger the brake |; 


torque, the less energy the brake must 
absorb per stop, the minimum being 
the kinetic (rotary and linear motion) 
energy of the system. Expressed in 
terms of system constants 


overhauling torque at drum 
gear ratio 
or 


9.55W, 1 
N 


where W, is the weight in lb of the 
overhauling portion of the load, V is 
the linear speed of descent in ft per 
second and N is the rpm of the motor 

When overhauling loads are en- 
countered, the first step is to calculate 
the overhauling torque of the load, 
referred to the motor shaft. The brake 
torque must of necessity be larger than 
this overhauling torque in order to stop 
or hold the load. A value of 150 per- 
cent or larger is general practice. 

Picking up once again the sample 
calculation above, an overhauling load 
has the following constants: Wr? of 
motor rotor and gear box, Ib-ft?; 
motor speed, 1,750 rpm; type of stop- 
ping duty, intermittent; rated load on 
hook, 1,000 Ib; and lowering speed, 
5 ft per second 


From Eq (4), the overhauling 
torque is 
= 9.55 Xx 1000 x 5 
] - 
1,750 
27.3 lb-ft 


Referring to the 50 lb-ft brake se 
lected above, the total kinetic energy 
per stop of 1.8 hp-sec remains un 
changed, regardless of the brake 
torque selected. Total hp-sec per stop 
for overhauling during 


however 
50 
1.8 t hp-sec/stop 
50 27.3 
SO lb-ft 


The stopping time the 

brake from Fig. 4 i8 sec and the 
drift downward of load during stop, 
from Eq (5) is 


descent is, 


tor 
is O 


S & x5 


0.48 1.2 ft 


Since the thermal rating of this 50 
lb-ft brake is 16 hp-sec per min, con 
tinuous, or 24 hp-sec per min, intermit- 
tent (one hour), the allowable rate of 
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stops per minute is 24/4 or six, which 
is usually sufficient. In this instance, 
the motor is 10 hp at 1,750 rpm with 
a full load torque of 30 lb-ft. The 
brake, therefore, has 167 percent of 
full-load motor torque. 

Although not critical, if it is neces- 
sary to figure the action of the brake 
stopping an ascending load, Eq (3) is 
replaced by 

7, 
Te +T. 
for overhauling and the overhauling 
torque brake in stopping 
Total brake hp-sec per stop for over- 
hauling during ascending, is 


50 
1.8 - 1.16 hp-sec 
50 + 27.3 


The stopping time, for the 50 lb-ft 
brake from Fig. 4 is 0.14 sec and the 
drift upward of load during stop from 
Eq (3) is 


assists the 


5 5 X 0.14 0.35 ft 
For an additional refinement, the 
friction of the gear-box can be taken 


into account. T, as calculated above 
must then be multiplied by the decimal 
efficiency of the gear-box, which is ap- 
proximately 0.9 for the ordinary case. 
For the example above, the 
change is negligible 


given 


Effects of Excessive Peak Input 

It is possible to conceive of a high- 
inertia load having a hp-sec per stop 
value of say 40, which is to be stopped 
once every four minutes. Although the 
average input to the brake is 10 hp-sec 


Horsepower — seconds per stop 
i 2 3 456 8 0 
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à 
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per minute, a brake applied on 
basis of this average valve deteriorates 
rapidly. The friction disks become 
heated to a higher-than-normal tem- 
perature during the prolonged stop, 
causing standard organic binders to 
bake out. This results in high disk 
wear and galling of the plates the disks 
rub against. For good brake life, the 
peak input should not exceed approxi- 
mately 1.5 times the continuous brake 
rating. This also means that the rate 
of stops per minute in an application 
where the cycle time is erratic should 
not be more than 1.5 times the average 
number of stops required per minute 
otherwise the brake must be figured on 
a peal: load basis. 

i'e equation upon which Fig. 4 
5 l ised IS 


10,500 hp-sec per stop brake 


EF 


where ¢ is time of stop in seconds, N 
is the rpm from which stop is made 
and T is brake torque in pound-feet 
This relationship can be used for on 
the-job checking of the loading of a 
brake. The stopping time of brakes 
that are approaching the overloaded 
condition per stop can be clocked with 


a stop watch, as can the number of 
stops per minute. Then 
INT 
- = hp-sec stol 6b 
10.500 
which should not be more than 1.5 


times the brake continuous rating 
Also for good brake life, Eq (6) times 


maximum rate of Stops per minute be 


A 
LII LI EH 
Coo A 


LZ TEEN 





Stopping time , sec 
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comes the maximum hp-sec per min 
ute which should not exceed 1.5 times 
the brake continuous rating 


Speed of Response 


Rapid release and quick setting are 
ordinarily desirable features in a 
motor-mounted brake. The former al- 
lows the motor to start without restric- 
tion and the latter is important in con- 
trolling the drift of the load during 
the stop. Any delay between removal 
of brake power and 
the brake allows the load to rotate at 
practically full speed, while during 
braking, the s half the 
full speed. Therefore, if the delay in 
setting is as much as one half the 
actual braking time, the total time of 
stop is only 1.5 times normal, but the 
drift of the load is twice normal 
The a-c direct-acting brake responds 
more rapidly compared to thc solenoid 
types, because the stroke is 
seldom more than 0.05 in 
are no mechanical linkages 

A relatively long-fixed delay 
sometimes desirable in a holding ae 
) brake 
reduce the system speed to ub zero 
before the holding brake is applied 
The d-c brake, although normally de 
signed for quick response and intended 
for use with d« easily 
adapted to long delay time through 
magnetic and electrical circuit 
The d-c unit will operate as a shunt 
brake from any suitable d-c supply, 
such as a small rectifier, in the event 
there is an a-c power supply 


actual setting of 


average speed 


magnet 


and there 
time is 


to allow a second (stopping 


motors, 1S 


design 


Fig. 4 — Horsepower-sec- 


onds per stop (1.1) from 
| Fig. 2 and speed from 

which stop is made (1,750 
| rpm) determine stopping 
| time for any standard 


brake torque—0.27, 0.44 
| and 0.66 sec for 25, 15 and 
| 10 lb-ft brakes, respec- 

tively; see dashed lines. 


3 45678 10 






Modified Geneva Drives and 


These sketches were selected as practical examples of uncommon but often useful mechanisms. Most 
of them serve to add a varying velocity component to the conventional Geneva motion. The data 
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Fig. 1—(Below) In the conventional external 
Geneva drive, a constant-velocity input produces 
an output consisting of a varying velocity period 
plus a dwell. In this modified Geneva, the motion 
period has a constant-velocity interval which can 
be varied within limits. When spring-loaded driving 
roller a enters the fixed cam b, the output-shaft 
velocity is zero. As the roller travels along the cam 
path, the output velocity rises to some constant 
value, which is less than the maximum output of 
an unmodified Geneva with the same number of 
slots; the duration of constant-velocity output is 
arbitrary within limits. When the roller leaves the 
cam, the output velocity is zero; then the output 
shaft dwells until the roller re-enters the cam. The 
spring produces a variable radial distance of the 
driving roller from the input shaft which accounts 
for the described motions. The locus of the roller’s 
path during the constant-velocity output is based 
on the velocity-ratio desired. 
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: Fig. 2—(Above) This design incorporates a planet 
s : à i ; : 

: gear in the drive mechanism. The motion period of 
s : a 

: the output shaft is decreased and the maximum 
: * angular velocity is increased over that of an un- 
: ` modified Geneva with the same number of slots. 
: Crank wheel a drives the unit composed of plant 
: gear b and driving roller c. The axis of the driving 
: roller coincides with a point on the pitch circle of 
: the planet gear; since the planet gear rolls around 
s h : * 
: the fixed sun gear d, the axis of roller c describes 
: a cardioid e. To prevent the roller from interfering 
: with the locking disk f, the clearance arc g must be 
: larger than required for unmodified Genevas. 
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Sazonian Carton Machir 


| 


Fig. 3—A motion curve similar to that of Fig. 2 
ean be derived by driving a Geneva wheel by 
means of a two-crank linkage. Input crank a drives 
crank b through link c. The variable angular 
velocity of driving roller d, mounted on b, depends 
on the center distance L, and on the radii M and N 
of the crank arms. This velocity is about equivalent 
to what would be produced if the input shaft were 
driven by elliptical gears. 
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Ford Instrument Company 


Special Mechanisms SIGMUND RAPPAPORT 


were based in part on material and figures in AWF and VDMA Getriebeblaetter, published 
by Ausschuss fuer Getriebe beim Ausschuss fuer wirtschaftiche Fertigung, Leipzig, Germany. 


Fig. 4—(Left) The duration of the dwell periods is 
changed by arranging the driving rollers unsym- 
metrically around the input shaft. This does not 
affect the duration of the motion periods. If un- 
equal motion periods are desired as well as unequal 
dwell periods, then the roller crank-arms must be 
unequal in length and the star must be suitably 
modified; such a mechanism is called an “irregu- 
lar Geneva drive.” 
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Fig. 5—(Below) In this intermittent drive, the two : 
: e : 

rollers drive the output shaft as well as lock it dur- : 
ing dwell periods. For each revolution of the input : 
a í : 

shaft the output shaft has two motion periods. : 
The output displacement ¢ is determined by the : 
d : : 

number of teeth; the driving angle, y, may be l : 
chosen within limits. Gear a is driven intermittently Aly : 
Rs e : 

by two driving rollers mounted on input wheel b. : 
Pris : : ° 
which is bearing-mounted on frame c. During the : 
d à : 

dwell period the rollers circle around the top of a : 
tooth. During the motion period, a roller's path : 
d relative to the driven gear is a straight line in- : 
i . s 
clined towards the output shaft. The tooth profile : 
: r : 
is a curve parallel to path d. The top land of a : 
tooth becomes the arc of a circle of radius R, the : 
i 4 : 

arc approximating part of the path of a roller. : 
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Fig. 6—This uni-directional drive was developed by 
the author and to his knowledge is novel. The out- 
put shaft rotates in the same direction at all times, 
without regard to the direction of the rotation of 
the input shaft; angular velocity of the output 
shaft is directly proportional to the angular ve- 
locity of the input shaft. Input shaft a carries 
spur gear c, which has approximately twice the 
face width of spur gears f and d mounted on out- 
put shaft b. Spur gear c meshes with idler e and 
with spur gear d. Idler e meshes with spur gears 
c and f. The output shaft b carries two free-wheel 
disks g and h. which are oriented uni-directionally. 

When the input shaft rotates clockwise (bold 
arrow), spur gear d rotates counter-clockwise and 
idles around free-wheel disk h. At the same time 
idler e. which is also rotating counter-clock wise, 
causes spur gear f to turn clockwise and engage the 
rollers on free-wheel disk g; thus, shaft b is made 
to rotate clockwise. On the other hand, if the in- 
put shaft turns counter-clockwise (dotted arrow), 
then spur gear f will idle while spur gear d en- 
gages free-wheel disk h. again causing shaft b to 
rotate clockwise. 
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Effect of Dirty Oil 


on Bearings 


between bearing and 


ARVID E. ROACH overall 
R Laboratories Divi 


where a large number of abra 


Oi! supply hove 





Ernbedoded particle 


Fig. 1—Schematie cross-section of a jour- 
nal bearing. Solid particle of foreign ma- 
terial is dragged by journal rotation into 
converging clearance. Foreign particles 
larger than minimum oil film thickness 
are embedded by the journal the 
relatively soft bearing metal. 


into 


trolled by while the latte: 
by making a judi 
cious selection from the several mat« 
The 
bearing geometry and 
and 
determined by consid- 
erations other than dirt tolerance. Par- 
uncontrol 
the 
machine 


filtration, 
can be controlled 
rials available for bearing service 
factors 


other 


journal composition hardness 


generally are 


ticle hardness is essentially 
lable, being dependent 


= 


upon 
nvironment in which the 
s Cor 


1 rit 


prin arily 


isequently, this discussion 


with the factors 


sts Ww 1 with n. dia 
1-bas babbit ( ppr \ 
( thicknes Th 
| filn th kt SS was bx ) 
0003 in. In « I n gs 
wel lubr ted with L ¢ 
rvstallit n ticles 0 OW 
| r pa i I ||] tha | 
o S$ microns no [ ratur f 
sulted fr the preset O g 
solid particles in the oil. This o 
partı le (25.4 ] rons «< juals ( 
in.) corresponds to the minimu | 
film thickness 
Corresponding data ror rat ot 


journal wear as a function of abrasi 


particle size are shown in Fig. 3. As 


increases almost direct 


before, damage 


hin: an Cea ee S part les are densely distributed 
diaais Gina hi r à bearing surfa journal wear 
eure aur pei daqqumpe iim iy not be self-limiting. Instead the 
a ; —À fs s- 1 nm ourna! surta ay bx worn away 
deseen Porn nr enly so that the overall clearance be 
22 T tween bearing and journal is increased 
ihe b » se ^ fn : " This increased clearance causes a r« 
bons Cetin quitas i luction in. the thickness Amin of the 
d C crest ix oad-supporting il film and permits 
E x. Aga Pe xd. the journal to bear down on the em 
; ided particles harder than ever 
kia © : that w chal Journal wear under such circumstances 
1 : suf ES s not self-limiting but proceeds until 
t i is E iring fails 
» id M nev | Ihe severity of journal wear result 
i What : th r oriein th g iron abrasiv parti les depends 
a ( [ mpositioOr and geometry 
Mns Es wet À ng, the hardness and size 
f l bedded wticles, and th 
n v i : i " S ind h 1 SS Ol f Ol 
7 Whil Lk les n 
. e ( y tW h be rea 
E 1! 1 
i h iu s 
Fig "1 
E ar | B» 24^ M 
| iffect of Particle Size 
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) ad-sı | film ha no 
It | l 1 dura 
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i. This as 
st 1 
For particles g than the min 
ım oil-film thicknes however 
the harmful eff f solid particles 
k the oil increases almost directly as 
k | f nal s Oo h solid particles 
Using the rate of bearing tempera 
ture rise as a measure of the rate of 
k g r It 1 bearing failur the severity of abra 


sive action in bearings is indicated by 
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ly with increase in particle size 
These experimental results demon 
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Joumal Wear, (in,/rnin) * 1,000 


Bearing Ternperature Rise, deg F/minute 


jour- 


a me 0 40 80 120 160 o 40 80 120 160 


a inte Abrasive Particle Size, microns Abrasive Porticie Size, microns 
ticles | 
kness 
o the | Fig. 2— Thermal behavior of babbitt bearings as a function Fig. 3—Journal wear of babbitt bearings as a function of 
of abrasive particle size of crystalline alumina in lubricating abrasive particle size. Damage increases directly with par- 
oil. Concentration of particles was one gram per gallon. ticle size indicating filtering is necessary in some cases. 
strate that to protect bearings from and still filter out of the oil all par- of the ability of a bearing al 





harmful abrasive particles, all parti ticles larger than the minimum oil yield locally in such a mant 
cles larger than the minimum oil-film film thickness Amin of a heavily loaded solid foreign particles may Dx 

thickness Amin, which in this instance bearing, requires an area of filter bedded into it, while conformability 
was about 0.0002 to 0.0003 


i 
I 


n. must surface much larger than the average a measure of the ability of a bearing 
be filtered out of the oil. Such filtra- engineer is willing to accept. With material to yield locally in such a man 





tion is readily accomplished if one is full-flow cartridge type filters of con ner that the bearing surface may adjust 
willing to pay the price ventional design and size, the limit itself to imperfections in journal geon 
With filters of conventional design, of “fineness” of filtration for a new etry, edge loading, and the like. Corro 
the maximum size of solid particles filter is about 0.0010 in. This value sion resistar » a measure ol 
that will be passed by the filter can is about five times that of the mini- to chemical attack 
be reduced to any desired value simply mum oil-film thickness of the bearings [t is readily seen that not all of th 
by increasing the density of the filter used in the journal wear tests. What properties are mutually compatil 
lium. The pressure drop per unit this adds up to is that filtration is a Thus, the ability to resist yielding 
filter surfa however, in- thorny problem for engineers to sol required for compressive strength 
th increase in density of the So long as the practical limitations fatigue strength is incompatibl 
filter mediu Th power required of existing filter designs compel th the ability to vield local 
p oil throug! t area of ptan f something less than th ror en lab 
he filter sur therefore, also tends leal degr of filtration, bearings Similarly, und à 
| ni ust na n ibil o tolet some h l r a 
ised. T iding rat bras 1 jn. ( ain | ng ma SCOT SIStAT I 
which is the rat h the filter rials are relativel J f dir l ng desig 
diu loads up w les, lik ls; other materials ar t nsit I > 
WIS ises with th ineness'" of » them. Which typ rf | ng W ! l 
filt so th nor juent r ıl must be used in a ticular Th p" 6 
| nt of the filter is necessary location depends largely »n th babbitt bearings that w 
Io keep the pressure drop and severity of the operating conditio: ng ~ 
ling rate at reasonably low values, both as regards load and speed is a result, be 5 
rin n rohl 
Bearing Materials "fe dio solution of tha 
From a technical viewpoint, the Score resistance is a measure of the first was to abandon the us 
most important properties of a bear- ability of a bearing material to resist as a bear ng material and t 
ing material are Score resistance; seizure or welding to the journal its stead various harder materials 
compressive strength and fatigue Compressive strength is a measure of as copper-lead. The second wa 
strength; embedability and conform- resistance to plastic deformation or crease the effective strength 
. ability; and corrosion resistance yielding under static load, while — babbitt by drastically reducing 
While no definition of these prop- fatigue strength is a measure of resist- ness. The effect of these changes 
erties are universally accepted, their ance to fracture or yielding under re- the ability of the bearings to tolerat 
meaning is clear to most engineers. peated loads. Embedability is a measure dirty oils was soon apparent 
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Fig. 4—Thermal behavior of babbit-faced copper bearings 
as a function of facing thickness as tested with dirty oil. 
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Effect of Babbitt Thickness 


The í f bearing perature ris 
1 function of babbitt thickness for 
series of in. dia by 2 in. long 
l faced copper bearings, which 
were tested with an oil containing a 


oncentration of 28-micron crys 


alumina, is shown in Fig. 4 


Th orr sponding data for rate of 
wear are shown in Fig Th 

rity of abrasive action is reduced as 
thickness of the babbitt is increased, 

| finally a babbitt thickness is 


l 
xed beyond which no further r 


in 1n ten pe rature rise 1S obtained 





Under the conditions pertaining to 
Fig. 4, no further benefit was obtained 
ncreasing babbitt thickness above 

bout 0.0013 in. This thickness is ap 
tely equal to the size of th 
rasive particles used in the tests 
This observation indicates that to mini 
the effects ol abrasives, the babbitt 
thickness should be at least as large as 
maximum size of the solid particles 
may pass through the filter. Babbitt 


knesses greater than this value yield 


adaitionai Denent insofar as abra 


Fable I—Thermal Behavior of Bab- 
bitted Copper Bearings and Babbitted 
Aluminum Bearings 


Rate of Bearing Temperature Rise 


Babbitt deg F per min 
Thickness 
in 
Copper Aluminum 
V 1300 280 
9.0004 85 51 
6.0008 40 41 
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sives are concerned and, indeed, cause 
a rapid reduction in fatigue strength 
To obtain the optimum fatigue 
strength, the babbit should be as thin 
consistent with embeda- 

lity r quirements 
When the babbitt ts substantially 
thinner than the maximum size of the 


iS possible. 


ibrasive particles in the oil, the char- 
acteristics of the underlying material 
exert a large influence on the embed- 
ability performance of the bearing 
This influence is indicated in Table I, 


which gives a comparison of test re 


1 


sults for babbitted copper bearings and 


Effect of Copper-L 


The copper-lead materials are much 
better than babbitt for fatigue strength 
but not so good for score resistance 
or embedability. Copper and lead are 
virtually insoluble in each other in the 
solid state 

The material is usually prepared by 
isting a molten mixture of copper 
and lead on hot steel strip The cop 
per solidifies first in the form of needle- 
like crystals, which stand perpendicular 
to the steel strip and are bonded to it 
The melted lead flows into the spaces 
between these copper needles and then 
solidifies. If a piece of the copper-lead 
faced strip is bent back on itself far 
nough to crack the cast layer, the 

dle-like structure of the copper con 
can be readily observed 


The maximum quantity of lead that 
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Fig. 5—Journal wear of babbit-faced copper bearings as a 
function of babbitt facing thickness as tested with dirty oil. 


babbitted aluminum bearings, both hav 
ing been run under substantially the 
same conditions of abrasive size and 
concentration. Halving the  babbitt 
thickness of the babbitted copper bear- 
ing in the given range caused an in- 
crease of 110 percent in the rate of 
bearing temperature rise, while halving 
the babbitt thickness of the babbitted 
aluminum bearing caused an increase 
of only 25 percent 

The difference between the thermal 
behavior of the two types of bearings 
became increasingly pronounced as the 
babbitt thickness was further reduced, 
approaching the embedability perform 
ance of the underlying copper or alum- 
inum as a limit 


'ad Composition 


can be incorporated into a cast copper- 
lead bearing is about 45 percent. Where 
a larger quantity of lead is desired, the 
material can be prepared by compacting 
copper and lead powders and then 
sintering them together at elevated 
temperature 

Careful tests on copper-lead bearings 
containing varying amounts of lead 
show that increasing lead content rc 
duces fatigue strength and increases 
embedability. The ability of a copper- 
lead bearing to tolerate dirty oils 
varies directly as the percent of lead 
for compositions in the range normally 
used. More important, however, des- 
pite differences in composition, the 
effect of dirty oils with copper-lead 
bearings is always about ten times as 
severe as with babbitt 






^ "usa G- A bel O 


ab wm tas oe 


Effect of Gridding 


When bearing loads exceed the 
fatigue strength of copper-lead, it be- 
comes necessary to use hard homo- 
geneous materials such as pure silver. 
Pure silver possesses exceptionally good 
fatigue durability but exceptionally 
poor embedability. The embedability of 
such materials may be substantially im- 
proved, without adversely affecting 
their fatigue strength, by means of a 
technique known as gridding. 

The construction of a typical gridded 
bearing is shown in Fig. 6. The silver 
layer, which is bonded to a steel back, 
has a large number of small indenta- 
tions formed by a knurling tool. These 
indentations are filled with babbitt. 
The bearing is then bored to obtain a 
smooth surface consisting of a large 
number of babbitt areas surrounded by 
an interconnected grid or network of 
silver. The babbitt areas confer good 
embedability to the bearing, while the 


Embedability Rating 


Results of a large number of em- 
bedability tests on various bearing ma- 
terials are summarized in Table II, all 
tests being carried out under substan- 
tially the same test conditions 

The relative embedability perform 
ance as given in Table II is based on 
the rate of temperature rise suffe red by 
the bearing when it is run on abrasive 
containing oil. Lead-base babbitt, ap- 
proximately 0.002 in. thick, is arbi- 
rating of 100; all 
other ratings are relative to this value 
Thus, a rating of 5 for copper-lead 
(70 Cu, 30 Pb) indicates that this ma 


trarily assigned a 


terial has 5 percent as much tolerance 
for dirty oil as lead-base babbitt 


Table II it 


From the data given in 


Babbitt filled, indentations 
/ 





Silver layer 


supporting silver grid provides the 
necessary fatigue strength and load- 
carrying ability. 

The embedability of a gridded bear- 
ing is influenced largely by the size 
and spacing of the babbitt areas. Coarse 
grids have better embedability than fin 
grids but tend to lose their babbitt fill- 
ing more rapidly in service. The range 
of grid spacing is varied in practice 
from that produced by a 10-pitch knurl 
to that produced by a 62%-pitch knurl, 
while the depth of the pockets and the 
ratio of babbitt area to silver area is 
controlled by the depth of the final 
boring out. In any event, the arrange- 
ment of the grids should be such that 
all paths in the direction of journal 
rotation wipe across babbitt pockets 
Harmful abrasives particles will then 
become embedded in the babbitt and 
be prevented from making long 
scratches over the bearing surface 


of Bearing Materials 


is apparent that the relative embed 
ability of a bearing material is inversely 
proportional to its hardness. The soft 
materials such as babbitt rate high 
These materials deform plastically to 
absorb abrasive particles and thus mini- 
mize the amount of journal cutting. At 
the same time, the score resistance of 
the material also plays an important 
part of conditioning embedability per- 
formance. In comparing two materials 
of the same hardness but of different 
score resistance, the material with the 
will have 


resistance also 


better score 
the better embedability 

Perhaps the most important point 
evident from Table II is the great ef 


fect of 


thin babbitt facings on em 





Fig. 6—Construction of a gridded silver bearing. Silver layer is bonded to a 
steel backing. Indentations in face of silver layer are filled with babbitt. 
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bedability performance. This effect can 
be seen by comparing the performance 
of identical materials both with and 
without babbitt facings; for example, 
copper-lead-tin, and aluminum. Here 
again it is observed that while the soft- 
ness of the babbitt facing, acting plas 
tically to reduce the contact pressure be 
tween the embedded particle and the 
journal, is undoubtedly the important 
factor, the score resistance conferred by 
the babbitt facing is also important. It 
would be difficult otherwise to account 
for the large improvement effected by a 





Fable Il—Summary of Embedability 
'Test Results 
Relative 
Bearing Composition Embed- 
ability 
Lead-base babbitt (0.002 in, thick) 100 
Lead-base babbitt (0.032 in. thick) 124 
Tin-base babbitt (0.005 in. thick) 145 
Silver (oxygen-free) 0.6 
Copper (oxygen-free) 0.4 
Gridded copper (48-pitch, filled) 32 
Gridded copper (48-pitch, unfilled) 90.4 
Copper 4- 0.0018 in. babbitt 100 
Copper + 0.0013 in. babbitt 100 
Copper + 0.0008 in. babbitt 50 
Copper + 0.0005 in. babbitt 32 
Copper + 0.0003 in. babbitt 17 
Copper-lead (60 Cu, 40 Pb) 7.5 
Copper-lead (65 Cu, 35 Pb) 5.5 
Copper-lead (70 Cu, 30 Pb) 5.0 
Copper-lead-tin (75 Cu, 24.5 Pb, 0.25 Sn) 4.0 
Copper-lead-tin + 0.001 in. babbitt 69 
Aluminum alloy (95 Al, 4 Si, 1 Cd) 10 
Aluminum alloy + 0.0008 in. babbitt 68 
Aluminum alloy+ 0.0004 in. babbitt 55 





babbitt facing of only 0.0003 in. on 
copper with abrasive particles measur 
ing over 0.001 in. and a minimum oil 
film thickness of approximately 0.0002 
to 0.0003 inch 

For babbitt facings on materials not 
listed in Table II, the | 
substantially independent of the under 


i 
rating will b 


lying mate rial so long as the babbitt is 
thicker than the maximum particle size 
For thinner babbitt facings, the influ 
ence of the underlying material on the 
relative embedability must be 
taken into account 

With regard to babbitt, the experi 
ments have consistently failed to show 


rating 


any significant difference between th 
embedability characteristics of the vari 
ous alloys. Lead-base babbits consist 
ently give a rating of about 100. This 
rating does not appear to be measur 
ably affected by the presence of minor 
constituents such as copper antimony, 
nickel, and the like 


rate somewhat higher, but 
} 


Tin-base babbitts 
differences 


in embedability rating at the upper 
end of the scale do not appear to b 
significant in servi Differences in 
embedability rating at the lower end 


rtant 
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of the scale, however, are impi 








Developments to Watch 


trend toward 


GENERAL The 
higher speeds is gaining momentum 
More 


} 
f 


being designed 


and more types of machines are 
for 


tead of intermittent 


drive 
mcans 
moving 


continuous 
This 
ting and stopping as few 
mponents as possible while the driv- 
y. Not only 
production rates increased by reduc 
speed-up 
also smaller, higher speed motors 


' motor runs continuously 


and slow-down periods, 


| often be used because inertia loads 

lower. This has stepped up interest 
n combined clutch-brake and 
fluid transmissions. Extensive develop 
work has been in 


fluid couplings 


units 
ment progress on 
and torque converters 
for industrial use. 
sizes and types are now available 
next year should see both 


Several 
The 


Spe C d and 


specifically 


load ranges increased 
trend tOW ard 
automatic control of 


and variable speed 


Also apparent are the 
and 


mote ma 
drives. One 


ently marketed a pack 


d unit that has an 


hines 
ompany has re 
integrally mount 
variable speed drive 


It offers an 


motor 


and a 
i 


| reducer infinite num 


positive, ste pless speed adjus 


lente. 


controls It IS 


nt with manual, « 
hydraulic 


pneumati 
available 
vertical or horizontal 


with or without 


ght types 


extra reduction gears 


BRAKES AND CLUTCHES. 


One promising development in the 


I 


brake disk 


field is the new aircraft type 


I 


s that are currently being mad 


1 for industrial applications by 
The G d ur Tire Rubber Co. A 
big feature is their versatility: 
operated hydraulically 
pneumatically, or 
sole noid released 
high 


1 1 
ill d 


they can 
, mechanically, 
can bi 
Their capacity is 
heat dissipation is accel 
an exposed disk design 
tions 


spring set, 


rated by 
For applica 
requiring maximum 


vane type rotating 


cooling. a 
disk can be used to 
ncrease the capacity by several times 
Torque 


s automati 


iple It is 


noating 


IS variable: 
and lining replacement is 
available in thre 


capacity adjusting 
types 
and fixed housing: fixed 
and 
with opposed 


disk 


fixed 
cyl 


sk and floating housing: 


J 
SK ana 


housing 


Motor-mounted magnet 


ing very practical for 


brakes ar« 


tri motors in 


+} 


1Ose encoun 


and brake into 
When is started, a 
tapered rotor unbalances the magnetic 
field, moving the rotor about 3/64 in 
to magnetic The motor then 
runs as a conventional squirrel cage 
When the power is 
the horizontal force disap- 
spring pulls the rotor out of 
magnetic center and, at the same time, 
actuates the braking mechanism 
The demand for higher production 
rates is also stimulating the use of com- 
bination electric clutch-brake units. Big 
advantage is that less axial space is re- 
quired than for separate clutch and 
brake. Current essentially 
a doughnut-shaped magnet, which con 
tains an energizing coil and a disk type 
segmented armature a brake, the 
magnet element is fastened to a sta 
tionary member or frame and the arma- 
rotates. As a clutch, both the mag 
and armature rotate with the hubs 
or pulleys to which they are attached 
Another boom to compact designs is 
a line of all-metal friction material that 
is applicable to both clutches and trans 
Friction surfaces can be as 
0.020 in. without sacrificing 
capacity. In general, 
withstand 
more im 
than 


bines motor magnetic 


one unit motor 


center 


induction motor 
shut off, 


pears, 


designs are 


turc 
net 


missions 
thin as 
performance or 


these surfaces run cooler, 
higher unit pressures and arc 
pervious to oil and 
met illic 

Other new friction materials include 


one that has been field tested for au 


grease non 


materials 


tomotive use and is now being made 
available for general industrial appli 
ation by Cop-Sil-Loy Inc. of Holly 
wood, Calif. It is a combination of lead 
and copper alloy that is claimed to car 
ry away heat as well as copper 


like lead, but 
like either 


does. 
lubricate does not de 


riorate 


MAGNETIC FLUID AND CRYS- 
TAL CLUTCHES. The mag- 
netic fluid clutch, originally developed 
in 1948 by NBS, has been undergoing, 
2 will continue exten 
both government 
and industrial laboratories. As a result, 
much valuable information is being 
compiled on such problems as heat- 
dissipation, settling of the 
powder and he sealing 

Magnetic particles may be finely di 
vided iron, which, for most applica- 
tions, is mixed with a liquid such as oil 
to prev packing and to afford 
smoother operation. One promising ap 
plication for magnetic fluid clutches is 
that they could be substituted for the 


to undergo, 
sive investigation in 


magnetic 
rmetic 


ent 


Product 


one-way clutches used in oscillating 
variable speed transmissions. In these 
mechanisms, a rotary motion is first 
converted to an oscillatory motion 
which is then transformed, by means 
of a one-way clutch, back to à rotary 
motion at a lower speed. Magnetic 
fluid clutches would give smoother and 
more efficient operation. 

A new development uses stainless 
steel magnetic particles in place of iron 
It claims the following advantages over 
conventional clutches: Continuous op- 
eration with negligible wear, releases 
freely and positively, constant or vari- 
able torque output from constant or 
variable speed input, current excitation 
accurately controls modulation, engage 
ment and slip speed. It is adapt: ible to 
remote or automatic control and it op- 
erates as a clutch, brake, or —— 
of both, in either direction. is al- 
ready available 3 sizes ak torque 
limits of 60, 200 and 500 Ib in. re- 
spectively 

A magnetic clutch using iron pow 
der—formerly used only in aircraft 
available for industrial use. It 
been ap plic ation-tested for dy- 
namometers, generators, marine drives, 


IS DOW 
has 


reversing drives, servomotors and vari 
able speed drives. They have been built 
with torque-to inertia ratios as high as 
500,000 rad/sec? 
5 in.-Ib 

f one pound. 

The crystal clutch, also developed at 

NBS, ap plies a dc voltage to the ele 
"Bimorth piezoelectric 
crystal elements causing bending of the 
elements; this bending presses the 
clutch output disk against the rotating 
input disk. It has high speed of re- 
sponse and almost negligible current 
drain. No current flows, other than in- 
sulation leakage, after the applied volt- 
age has charged the capacity of the 
crystals. No magnetic field is created, 
an advantage in some applications. In a 
model, the output shaft delivered use- 
ful torque in 0.2 milliseconds after 
voltage was applied Output torque was 
approximately 16.5 oz.-in. at 400 v or 
21 oz-in. at 500 volts. The no-voltage 
drag torque, however, was about 7.5 
oz-in. Use seems limited to few highly 
specialized but important instrumenta- 
tion Functions 


and power rating of 
2,000 rpm for a weight 


trodes of 3 


FLUID DRIVES. Both fluid 
couplings and torque converters are 
under widespread development pro 
grams to extend their use in the indus- 
trial field. Some companies have got- 
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ten into this work merely to investi- 
gate the possibility of using fluid drives 
on their own equipment. As a result 
they have developed their own designs. 
At least one such company is planning 
to put the torque converter they devel- 
oped on the open market. Others will 
probably do the same. This should lead 
to active competition in terms of both 
design and cost. 

One recently announced torque con- 
verter was designed to handle engines 
developing from 180-225 ft-lb of 
torque at speeds of 2,000-2,500 and 
higher can change torque multiplica- 
tion from 1:1 to 2:1 automatically as 
requirements change. It is now being 
used where stop-and-start required for 
heavy loads are hard on engines, gears 
and drums 

To get extended full-range perform- 
ance from hydraulic torque converters, 
a new oil-actuated two-speed transmis- 
sion has been designed by Twin Dis 
Clutch Company to give a dual range 
of converter operation. The unit is 
equipped with a direct drive and a 
single stage pl anetary gear system. Two 
ratio spreads are av ailable: direct drive 
with a 2.69:1 reduction ratio, or direct 
drive and 3:07:1 reduction ratio 

Besides the extended range of per- 
formance obtained, the new two- speed 
transmission is said to give greater 
shifting ease through the use of hy- 
draulically actuated multiple disk 
clutches, and provide the selection of 
three operating positions: neutral, high 
or direct drive; and low or reduction 
gear drive. All positions are controlled 
from a special, spool-type valve mount 
ed on top of the transmission 

Probably the most impressive news 
in the fluid coupling field is in the 
small sizes. One unit that has just been 
released is no larger in diameter than 
a standard motor and adds only 14 in 
to the length of the motor. It is for use 
from 14 to 4 hp at 1,800 rpm 


SPEED REDUCERS... . In gear 
motors, the emphasis is on variety of 
mounting positions without reas 
sembling or the need for extra parts 
Many units are now being built using 
the foot mounting of standard NEMA 
frame size motors. Recent designs are 
also conspicuous for their long life, 
compactness, quiet operation, sturdy 
simple but reliable lubri- 
freedom from 
maintenance, 
put shafts to 


construction, 
adjust- 
and low out 


cation systems, 
nent, easy 
reduce forces on the 
foundation 

For slow speed drives, shaft-mounted 
speed reducers with a fixed speed ratio 
plus variable speed pulleys are being 
de to extend the range of V-belts to 
operation at 5-150 rpm. These reducers 


are applicable to machines with ca- 


Product Engineering 


pacities up to about 45 hp. Units are 
now available with fixed ratios of 13:1, 
15:1, and 20:1, in single and double 
reduction types. The adjustable speed 
sleeves can be used to get variations 
of as much as six-to-one. 

In gear reducers, high speed drives 
are now operating successfully at 
speeds above 30,000 rpm and pitch line 
velocities more than 23,000 fpm. Such 
applications are rare, it is true, but 
they do exist. Also, what is rare now 
may be common practice in a few years 


CHAIN DRIVES. . Chain drives 
offer compact, positive transmission of 
power in almost all horsepower ranges. 
A conspicuous trend is in the extremely 
short length of drives. Typical of these 
are some of the new power tools. The 
involute-type chain which was intro- 
duced about two years ago is reported 
to be increasing the capacity from 2- 
to-21^ times that of conventional chain 
drives. Operating speeds of about 
1,000 rpm have already been proved 
with efficiencies of approximately 99.5 
percent. Development work will un- 
doubtedly increase the speed range 
Current thinking is in the vicinity of 
10,000 rpm as a goal 

Conventional 
being 


silent-chains are also 


5,000-10,000 rpm 


whether the 


tested in the 
range but it is doubtful 
these studies will be avail 
able within the next year 
problem at these speeds is that of re 
moving the heat generated by the 


chain 


results of 


Biggest 


V-BELTS. Positive V-belt drives 
are now about three years old but 
only the surface has been scratched 
ipplication-wise. The advantages are 
creep and speed varia 
tions are reduced. Capacity is high and 
cost is low compared to that of conven 
tional positive drives. Furthermore, 
their greater flexibility permits use on 
small pulleys and they have a useful 
life as much as five times that of or 
dinary V-belts where vibration or other 
operating conditions are severe. New 
double-cog belts, with teeth on both 
are being made in both rubber 
and synthetic fibers for extended use on 
variable speed drives. One such drive 
that has recently been developed by 
Reeves Pulley Company works in either 
direction, mounts in any 
ibove, below, or beside the driven ma 
chine—and provides infinitely variable 
speed with 8:1 speed range by merely 
turning a handwheel connected to an 
idjustable speed pulley. Although this 
particular unit is of the exposed design, 
completely enclosed units are also avail 
able. Current trends indicate that the 
latter will be used more widely 
units claim speed control as fine as 1 


obvious: slip, 


sides, 


position 


Some 
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rpm from no load to full load opera- 
tion. 

In the V-belt itself, continuing de 
velopment work is going on to improve 
designs and materials. It has been es 
tablished that the belts have a definite 
and predictable fatigue life. Data such 
as these will promote more 
and more widespread usage 

Wide-range vari-pitch sheaves have 
been developed by Allis-Chalmers 
Mfg. Co. for use with standard motors 
from 11^ to 30 hp with motor speeds 
from 1,800 to 900 rpm. The stand 
ardized shaft diameters and projections 
of NEMA frame motors will require a 
definite size sheave for each motor size 


accuratc 


VARIABLE SPEED TRANSMIS- 
SIONS AND DRIVES. Speed 
variations of Varidrive motors can be 
made by pneumatic remote control. A 
recent development of U. S. Electrical 
Motors, Inc., Los Angeles, Calif., the 
control permits motor positioning at 
air pressures of 60 or 100 psi through 
an air operated plunger attached to the 
motors changing device. The control 
can operate a group of motors being 
used at the same speed and can provide 
speed changes from one preset value 
to another by a single movement of the 
control 

Through the 
frame size, 64 VE, 
are now available in 
blies up to 30 hp, 
more compact motor 
applications requiring horizontal as 
semblies. 

A new type of brake 
available from Graham Transmissions 
Inc.. of Milwaukee, for use with a lin 
of transmissions in sizes from 14 to 3 
horsepower The built-in brake motor 
provides for the immediate stops re 
indexing and positioning 


addition of a new 


Varidrive motors 
horizontal 
making possible a 


installation in 


assem 


motor 1s now 


quired in 
work. This feature, plus the other ad 
vantages in the drive, such as wide 
speed range with exact speed — 
and abil ity to reset at a given speed, a 

said to make the unit well suited for 
applications requiring high accuracy 
These 


and pespaniasing 


ipplications include metering 
work and jobs 
where the speed of one part of a ma 
system must be syn 
another part 


terials handling 
chronized with 

The 

g tO 3 hp 
built-in reduction of 
spur types. A wide range 
including micrometer, lever and remote 
electrical may be had. The complete as 
built-in motor 


transmission in all sizes from 
with or without 


helical 


of controls 


. is availabl 
worm otf 


sembly of transmission, 
with or without brake, 
and control, mounts 
thus making 
rangement than if each element were 


built-in reducer 


with only four 


bolts, 1 more compact ar 


to be mounted separately 
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~ MORSE HYVO DRIVE FO 


How you can save 
up to *1,407% 
with MORSE HY-VO 


on a 350-hp., 1800- 


rpm electric motor 


Now, with Morse Hy-Vo Drives, you can gain new manufacturer, a 1200.rpm, 350-hp. motor costs 
advantages from buying smaller, higher speed, more $13.709. But an 1800-rpm, 350-hp. motor costs 
efficient electric motors. only $12,302. You save up to $1,407. Also, your 


s ioher r e d 200 S "Sq 
You save weight; space, and electric power. And in higher rpm motor would weigh 2 pounds less. 


most cases, the difference in cost between a low- 
rpm motor and a high-rpm motor of the needed 
horsepower, will pay for the Hy-Vo Drive. Let’s 
look at an example. 


And with a narrow Hy-Vo, it’s very likely 
vou'd do away with the cost of outboard 
bearings and mountings. Bonus savings! 


Write us for detailed information on the savings 
Hy-Vo will bring in your electric motor applications 
or of the comparable savings Hy-Vo can make, 


Generally, the commonly used methods of power 
transmission, due to inherent restrictions on rota- 
tive speed and velocity, limit the speed of 200-hp. 


or larger motors to 1200 rpm. Hy-Vo's upper limits, because of its high rotative and velocity limits, on 


à ( " ] iu y sti » rj 3 4 "u i S 
as you'll see at right, are far greater. your internal combustion engine applications. 


Suppose you needed a 350-hp. motor. Accord- MORSE CHAIN COMPANY 


ing to the catalog base price of one prominent motor Dept. 528 e 7601 Central Avenue © Detroit 10, Michigan 


» E 
MPT | wi |< > | Cim, 
| wL d zu 4 DI em o, 
Morse | EXCEPTIONAL | EXCEPTIONAL f. -` =X (EXCEPTIONAL 4 
meang | ENGINEERING (Y2) | proDucT i PRODUCT (|), 
POWER | PVC Ww, Qo ur i. J, N POWER TRANSMISSION 
TRANSMISSION! 'W- L eK 
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Morse Hy-Vo Drive opens a new 
age of power transmission throughout 
industry. It’s revolutionary but has 
been proved in thousands of applica- 
tions. It brings new economies to the 
use of high-speed, internal combus- 
tion engines and electric motors and 
to the construction and function of 


transfer cases. 


Because it almost eliminates 
chordal action, Hy-Vo runs almost 


noiselessly, regardless of the load or 





AGE IN POWER TRANSMISSION 


speed. It protects gears, bearings, 
other equipment from effects of heavy 


vibration. 


Because of its new tooth engage- 
ment principle, new joint articula- 
tion and improved stress distribution, 
Hy-Vo minimizes pitch elongation. 
It often eliminates the necessity for 
center adjustment in engine- 
compounding or heavy-duty power 


transmission transfer drives. 


SOME HY-VO FACTS TO THINK ABOUT: 









Hy-Vo's small-sprocket rotative speeds: as high 
as 3600 rpm for *4” pitch chain; 2700 rpm for 1" 
pitch chain; 1200 


pitches: 6000 fpm for continuous operation. 


Sprockets: Minimum 25-tooth sprockets. Ratios up 
to 5 to l. Minimum sprocket diameters: 6” for 34” 
pitch chain; 8" for 1" pitch chain; 12" for 1!4" pitch 
chain; 16" for 2" pitch chain. 


pitch chain; 1800 rpm for 1/4" 
rpm for 2" pitch chain. 


Maximum recommended chain speeds for all 








M. Hs-Vo's many design and manufacturing 2. ... and new, Hy-Vo Compensating 
Rolling Joint, which shifts the pitch line 


automatically as the Hy-Vo Chain engages 


refinements result in a drive with unusual 
power-transmitting capacity. Involute tooth 


design of Hy-Vo Sprockets ... the involute sprocket teeth... 





ob. New alloy link and pin materials have 


4. A new, balanced chain-link design greatly 


improves stress distribution, contributes ma- been developed and incorporated into 


Hy-Vo to 


throughout the drive. 


terially to long service life of the Hy-Vo Drive. produce strength uniformity 


Product Engineering — 1954 Annual Handbook 


SOME REASONS WHY THESE FACTS ARE POSSIBLE 













a... allows chain to follow a path truly 


tangent to sprocket pitch circle. Chordal 


action, cause of destructive vibration, is 


almost eliminated, 





G. New 


manufacturing 


metallurgical and 


processes increase endurance life. Result of 
these and other developments is Hy-Vo, 
which opens a new age of power transmission 
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REEVES 


SPEED CONTROL 


Variable Speed Transmission Vari-Speed Motor Pulley con Motodrive combines motor, Flexi-Speed Drive is the most 
' t Int speed motor t speed vorying mechanism and re- versatile, most economical vari 

widerange ate, v J jrive duction gears in single, compact able speed drive with 8:1 speed 

nit. Speed variations 2:1 to 6:1. range. Mounts in any position . .. 

5 hp. Also available in drives in any direction. Available 


tional sizes with | ratio. in Yo, % and ! hp. 


REEVES PULLEY COMPANY, COLUMBUS, INDIANA 


Rec ecialized field of variable speed control 
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is standard equipment 


on 2750 different 


makes of machines! 


Make the machines that you design or build more 
flexible, more productive, more salable, with REEVES 
Variable Speed Control as standard equipment. 
Reeves provides the full range of stepless speed ad- 
justability necessary to handle all the variations in 
speed and timing required for different materials, 
sizes, shapes, processes, operators ... simply by the 
touch of a button or the turn of a handwheel. 
Whatever the specialized variable speed require- 
ments of your machines, the complete REEVEs line has 


the equipment you need . . . with your choice of 
manual, electric or completely automatic controls. 
The use of REEVES as standard equipment by the 
manufacturers of 2750 different machines speaks for 
REEVES accuracy and dependability. Let one of the 
REEVES engineers—strategically located throughout 
the United States and Canada—show you how one of 
the four basic units in the Reeves line can be built 
into your equipment or installed on it. Write today 
to Dept. K98a-3N for 132-page catalog. 


SPEED V) CONTROL 


Product Engineering — 1954 Annual Handbook 





CROFOOT GEAR SERVICE 


Simplifies your problems in design and production 


YOU DESIGN-WE PRODUCE 


PRECISION GEARS 
OF ALL TYPES UP TO 12” DIAMETER 


With the availability of Crofoot Service, design engineers need 
not be limited in developing new products or improving existing 
ones simply because their own plant does net have facilities to 
produce such gears as are required. 

Nearly a quarter century ago the Crofoot organization rec- 
ognized the fact that production of precision gears was a highly 
specialized field and set up the facilities necessary for this class 
of work. Crofoot can therefore effectively serve as the gear 
manufacturing department of any shop in the metal working 
industry. Gears up to 12” diameter in all types, can be produced 
efficiently, accurately and economically. Our engineers are also 
available to assist in gear design. 


Ask for a "'Crofoot" estimate on your gear require- 
ments in any quantity. Send specifications and blue 
prints, 


CHARLES E. CROFOOT 
GEAR CORP. 
SOUTH EASTON, MASS. 
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FULL COMPLEMENT 





Typical Arrangement: 


Drive is transmitted through clutch dur- 
ing low speed cycle. Clutch over-runs 
during high speed cycle. 


INDEXING 








Typical Arrangement: 


Continuous rotary motion of crank A 
produces oscillation of arm B. Attached 
to outer race (or in some cases, the inner 
race) of clutch, arm B produces intermit- 
tent forward rotation of shaft C. 


BACKSTOPPING 


| 
LOAD - 


SERE. 


Typical Arrangement: 


One race of clutch is attached to station- 
ary member and other race is attached 
to rotating part of mechanism. Clutch 
permits rotation in one direction, but not 
in reverse. 


DISTRIBUTORS IN 
PRINCIPAL CITIES 


FORMSDPRAC 











Formsprag Clutches are ALL Full Complement Clutches 


Their energized sprags grip at an infinite number of positions, 
giving instantaneous operation—no backlosh—and long life 
because of low unit stresses . . . Before you specify another 
clutch be sure to read this folder. 


FORMSPRAG COMPANY 
23607 Hoover Rd., Van Dyke, Mich. 


Send the folder to 





STANDARDIZED STOCK 
MACHINE DRIVE COMPONENTS 





BUYER APPROVAL 


Leading specialists and largest 
producers for 75 years, BOSTON 
Gear offers components well- 
known for topmost quality to 
250,000 cost-wise buyers. Give 
your product this extra "lift" 
that swings more sales. 


TOP QUALITY AT LOWER COST 


BOSTON Gear quality control gives 
you the precision, finish, and per- 
formance usually expected only 
of "cut-to-order'" gears. But stand- 
ardizing permits economy of 





Eliminates re-boring 
SHOLD-A -GRIP 


Interchangeable Tapered large volume production. Com- 
SPROCKETS end CHAIN BUSHINGS and SPROCKETS BOST-BRONZE , RE . 
For drives ranging Fit Ya” to 14” pitch sprockets an = pare costs—the savings will sur- 
from fracti hi mpregna á 
‘om fractional to 40 hp to any shafts VÀ" to 23A" by 16ths BEARINGS prise you. 


WIDEST SELECTION 
The BOSTON Gear Catalog lists 
over 2,000 types and sizes of 


CATALOG NO. 55 Gears among more than 5100 


Get this favorite “text stock items listed ... every com- 
book” of drive design. ponent needed for average drive 
Catalog No. 55 lists 101 design and maintenance. 


Product Groups — 5112 

stock items—includes 30 NEARBY STOCKS 
ee Largest local stocks, at 90 lead- 
: ing Industrial Distributors. Your 
product, when equipped with 





RATIOMOTORS REDUCTORS . 
Motorized Speed Reducers Standardized Speed Reducers BOSTON Gear components, " only 
32 types—1/20 hp to 3 hp .005 hp to 36 hp minutes away from a reliable 


source of repair parts, in any 
industrial area. 

Your BOSTON Gear Distributor will 
provide any information you 
need on selection . . . including 
consultation with a BOSTON Gear 
Field Engineer, at your request. 


(v À Boston Gear Works, 71A 
^ : Send for your copy Hayward St., Quincy 71, Mass. 
X ~ BALL BEARINGS 







AX 


COUPLINGS 





ORDER FROM YOUR NEARBY 





At 90 Authorized 

BOSTON... Distributors... 
a $10,000,000 stock DISTRIBUTOR 
for prompt deliveries . . . at Factory Prices 





Look under "Gears" in the Yellow Classified Section 
of your Telephone Directory for the one nearest yov. 
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Yov're always in line for satisfaction 
with PHILADELPHIA GEARS 


For over 60 years Philadelphia has supplied gears of all Spur Splines 
types, sizes and materials to all lines of industry. Our Helical Coniflex Bevel 


Spur Internal 


modern shop is equipped to produce gears to the most Helical internal Spiral Bevel 


exacting specifications while our engineers are willing Rack Zerol 
and able to help you with any special gear problem. Herringbone Hypoid 
For complete satisfaction on every gear order—order Worm [ntermittent 


Phillie Gear. Non-Metallic Sprockets 


ERIE AVE. AND G ST., PHILADELPHIA 34, PA. 
NEW YORK * PITTSBURGH * CHICAGO * HOUSTON * LYNCHBURG, VA. 


Industrial Gears and Speed Reducers 
LimiTorque Valve Controls 
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DIHEDRAL COUPLINGS 


design misalignment tro 






* * e "hn bud 
Protection against misalignment m — I^ 
heretofore considered impossible 


* 


@ The Ajax Dihedral Coupling is a 
radically new, different and efficient 
spline or gear-type coupling designed 
to handle shaft misalignment far be- 
yond the capacity of conventional 
flexible couplings. 

They simplify machine design, 
manufacturing, installation and main- 





tenance by eliminating necessity for 
precision alignment of driving and 
driven shafts. Tooth clearance (back- 
lash) is held to lubrication film re- 
quirements. 


LESS BACKLASH e MOST MISALIGNMENT CAPACITY e ALL GEAR 
TEETH HARDENED TO 50-55 ROCKWELL C. 


@ More tooth area is in contact under 
misalignment than is possible with any 


other shape of tooth. Load is carried at I ; "ael EE 
100 R.P.M. 


center of teeth at the point of greatest 


strength. No end-of-tooth contact to re- 12 | 12,000 
24 9.300 


sist free end-float. All teeth are case 





48 7,900 
hardened by induction combining hard 300 | | 7 | 6 | 
wear surface with tough core. Positive A OL 

oug e. Posi | | [199 | 5,260 
seals keep lubrication in and dirt out. | 4% | | 260 | 4770 
Made in standard, mill motor and A 2 L5 n 
floating shaft types. Table gives basic "7 605 | 35690 








sizes and capacities. Write for catalogs. a 3,220 


RUBBER-BRONZE 
COUPLINGS 


t troubles out of your machines 





| 


STANDARD 
AS ORIGINAL EQUIPMENT 
SET SCREW FOR 30 YEARS 


@ With clearances in modern machines 
measured in thousandths, not fractions, 
protection against major damage due to un- 
avoidable misalignment is an essential safe- 
guard to bearings, gears, armatures, impel- 
lers and other costly working parts. 

The positive, resilient drive provided by 
Ajax Flexible Couplings has proved to be 
good economy especially emphasized under 
conditions where replacement parts for 
machines are difficult to obtain. 

Ajax Rubber-Bronze Bushed Bearings 
FLEXIBLE RUBBER and Hardened Steel Studs provide flexible 
Pe FLANGE yet positive drive. Bearings are self lubrica- 

P ting...maintenance zero. Write for catalog. 


GRAPHITED BRONZE 
BEARING 


AJAX 
SHALER SHAKERS 


Thousands used as original 
equipment on vibrating con- 
veyors, screens, hoppers and 
other applications requiring 
self-contained, compact re- 
ciprocating drive. Write for 
catalog. 


COUPLING CO. INC. westFIELD, N.Y. 















TUT ee, 
"+ 


... a design and 
manufacturing 
service on 
precision and 
commercial gears 
in any quantity 


GEARS ... of all types for application to all classes of facilities for producing gears accurately, efficiently and 
equipment—precision and commercial quality—any quan- economically. 

tity—light or heavy duty—for low or high speeds—de- Our engineers will work with you through every stage 
signed and fabricated to exacting specifications—this, of development and application—from drawing board to 
briefly, describes the service behind “TECH GEARS.” final assembly and testing if the application is such as to 
Ability to render such complete, technical and manufac- warrant such final supervision in a user’s plant, to the 


turing service is made possible through an engineering end that “TECH GEAR” performance is 100% 


satisfac- 
staff of gear specialists, and a modern plant with complete tory. 


Your inquiries are invited and will have our prompt attention. Our estimates on your 


requirements incur no obligation. Send specifications or drawings, giving quantities. 


PPS VR a OU A GOR Te) west concor, mass. 
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GLEASON WORKS 


BUILDERS OF BEVEL GEAR MACHINERY FOR OVER 85 YEARS 
1000 UNIVERSITY AVE. - ROCHESTER 3, NEW YORK 
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specIiFY STO 


FLEXIBLE SHAFTING 


FIRST SINCE 1875 





















STOW flexible shafting powers this Avery 
Rake, built by the B. F. Avery Division of 
Minneapolis Moline Company, Louisville, 
Kentucky. Write for Bulletin 525 






compelling reasons why 40U 


should do business with STOW: 


1. DEPENDABILITY —Stow Engineers are flex- 









ble shaft specialists. he E m i 
2. EXPERIENCE— Stow is the oldest and largest STOW flexible shafting saves $700 on the - 
producer of flexible shafting in all sizes cost of this Super Tandem Crushing Plant, 

3. COMPLETE SIZE RANGE—From '%'' to product of the lowa Manufacturing Co., Cedar 
155'' cores—up to 1500 Ib. in. for power drives Rapids, lowa. Write for Bulletin 525 


or 4000 Ib. in. for remote control. 

4. STANDARD power drive shafts available. 
5. FOUR STANDARD types of cases. Special 
cases can be furnished to meet your requirements, 
6. LARGE VARIETY of standard terminal parts 
available 

7. SPECIAL terminol ports con be made to 





5 du Rad Pham your specifications. 
lasso fias ad cand 8. ENGINEERING SERVICE— Your inquiry will 


receive prompt and careful consideration by 
TOP flexible shaft engineers. 





STOW concrete vibrator model BG 

designed for high-speed concrete STOW flexible power drive shaft drives new, 

vibration under rugged conditions, all mechanical mining drill developed by the 

N rit E t ^ Crichton Co., Johnstown, Pa. for greater safety 
and ease of handling. Write for Bulletin 525 









Write today for descriptive literature on Stow flexible 


shafting, flexible shaft machines, vibrators and screeds. 


MANUFACTURING CO. 


EEG state Street 


Binghamton, New York 





STOW 


application. For further information 


tank truck pump drive 


Bulletin € 


write for 
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h:t Westinghouse Air Brake Co. 
GOOD/YEAR 


(Continental Motors [orporation 


s Cmicaco ETTET 


INTERNATIONAL HARVESTER 
CATERPILLAR 


(ARCO 
fgLLIS-CHRHLMERS T" 


b "NT s sou 


HELICOPTER 


COMPANY 
CORP. 


< 






eaan SR 


CLUTCH PLATES, FACINGS 
AND BRAKE LININGS 


There’s one BIG reason why Velvetouch is ‘‘stand- 
ard equipment’ with leading manufacturers. And 
that reason is DEPENDABILITY! They know from 
experience that Velvetouch lasts longer, requires 
fewer adjustments .. . because it’s all-metal! 

Unlike ordinary friction material, Velvetouch is 
made from powdered metals, compressed and 
fused to a strong, steel backing plate. As a result, 
it runs cooler, guards against scoring. ..can't de- 
teriorate like asbestos. In addition, it cuts chattering 
and grabbing to insure new operating smoothness. 

Our engineers and laboratory technicians are 
ready to work closely with you in solving your 
friction problems economically...and efficiently. 
Just call our nearest office, or write— 


THE S. K. WELLMAN CO. 
200 Egbert Road + Bedford, Ohio 








THE S. K. WELLMAN CO. SALES OFFICES AND WAREHOUSES 


* ATLANTA —119 14th St., N. E.. ** DETROIT 16822 James * SAN FRANCISCO —424 Bryant 
Atlanta 5, Georgia Couzens Highway, Street, San Francisco 7, Calif 
Detroit 21, Mich. 

* CHICAGO--1500 South West- — «LOS ANGELES —1110 South — e 
RONTO, ONTARIO — Th 
ern Ave., Chicago 8, Illinois Hope St., Los Angeles 15, Cal = ^ E Co. of Gaati 


* CLEVELAND — 200 Egbert Rd * PHILADELPHIA — 1545 West Ltd., 2839 Dufferin St 
Bedford, Ohio e Belfield Ave., Philadelphia 
em. ** WASHINGTON -1101 Vermont 
* DALLAS — 3407 Main Street, * PORTLAND —636 N. W. 16th Ave.. N. W.. 
Dallas 1, Texas Ave., Portland 9, Oregon Washington 5, D. C. 


** EXPORT DEPARTMENT —8 South Michigan Ave., Chicago 3, Illinois 
* SALES OFFICE AND WAREHOUSE ** SALES OFFICE 
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DE LAVAL 


WORM GEAR SETS 


Bronze gear teeth retain true form 
over long periods of service due 
to the regenerating action of the 
hardened steei worm. In fact, the 
efficiency actually improves as 
the gear "wears in”. 


Three or more teeth are in contact 
with the worm at all times. The 
flow of power is smooth, con 
tinuous and vibration free. 


De Laval worm gear sets are designed to take punish- 


ment year-in, year-« 


ut. Gear teeth are under a rushing, 
instead of 


tr mely high momentary 


bending load. Thus they withstand ex- 
and shock loads damaging to 
other forms of gearing. They need little attention even 
under the most rugged operating conditions. 

De Laval manufactures these heavy-duty sets in a 


bot 


wide range of ratios from 3:1 to 100:1, with ratıngs of 


can take“hard knocks” 


High Shock Load 
Capacity 


Standard 142° involute spur gear 
tooth and old time worm tooth. 


20° stub spur gear tooth. 


De Laval Worm Gear tooth. Note 
line of pressure falls inside base 
of tooth. 


Write on your business letterhead for Catalog 5000 


.1 hp to 550 hp and center distances from 3" to 36". 
It pays to design around these De Laval stock sizes. 
Special sets, however, can be furnished to any detailed 
spec ifications. 

Proven applications of De Laval worm gear sets 
include the machine tool industry, rolling mills, pro- 
cess machinery, cranes and hoisting equipment and 


many similar uses. 


Worm Gear Sets 


LAVAL STEAM TURBINE COMPANY 


2 Nottingham Way, Trenton 2, New Jersey 
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For further information on Fawick Industrial 


Clutch and Brake Units, write to the Main i 
Office, Cleveland, Ohio, for Bulletin 400-A. FALUIL 
E / 
FAWICK AIRFLEX DIVISION là 

FEDERAL FAWICK CORPORATION ms 


9919 CLINTON ROAD «+ CLEVELAND 11, OHIO INDUSTRIAL CL ES BRAKES 
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Here’s How the Revolutionary 


WHEN PERFECT SYNCHRONIZA- 
TION or elimination of slippage 
is important, the Gilmer 
“Timing” Belt drive affords 
many unique advantages. Here, 
however, is an application for 
which the “Timing” Belt drive 
was chosen solely for its nearly 
100% efficiency in transmitting 
power... and the savings which 
that efficiency made possible! 
In extensive tests, prior to 
adoption of the “Timing” Belt 
drive to replace the V-belt drive 
between motor and pump, en- 
gineers of Tokheim Oil Tank & 
Pump Company found that the 
“Timing” Belt drive: 


e Consumed 75 watts less power. 


e Made possible reduction in motor size from 
1/3 to 1/4 HP. 


e Increased belt life by as much as 16 to 1. 
e Reduced maintenance by eliminating need 
for belt take-up. 


Compared to these obviously 
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me” TIMING! 


made possible use of lower-horsepower motors on 


TOKHEIM’S NEWEST GASOLINE PUMPS 


substantial savings, the 10% 
higher initial cost of the 
“Timing” Belt drive is insig- 
nificant. Not only does the 
manufacturer save on motor 
cost; filling station operators 
also will benefit, year after year, 
from reduced electrical power 
consumption and belt replace- 
ment costs. 

Various users of Gilmer 
“Timing” Belt drives who have 
made dynamometer tests report 
no appreciable difference 
between motor output and 
power delivered to the driven 
shaft. Such superior efficiency 
stems from the fact that 
“Timing”? Belt drives do not 
rely on surface friction or belt 
tension for grip. They have no 
friction-creating joints, no 
metal-to-metal contacts, no 
slippage loss, no lubricant drag 
and impose minimum loads on 
bearings. 











BELT DRIVE 


Industry's New Power-Transmitting Medium 


Sweeps away design restrictions 


In one application after another, 
“Timing” Belt Drives have enabled 
machine designers to achieve basic 
engineering improvements—or to 
design entirely new machines— 
that were previously either imprac- 
tical or impossible! For never be- 
fore has there been a positive drive 
that combined all these desirable 
characteristics: 


e Requires no lubrication, no housings 
or lubricant guards. 


e Maintains precise synchronization 
("timing") between shafts. 


e Provides speed ratios as high as 15 
to 1 in a single step. 


@ Operates satisfactorily at speeds 
from inches per hour to 15,000 fpm. 


e Permits use of very small diameter 
pulleys for ultra-compact drives. 


e Hasnearly 1009; mechanical efficiency. 


NEW YORK BELTING & PACKING CO. 1 Market St., Passaic, N. J. 


e Needs no initial tension. Lighter bear- 
ing loads permit lighter bearings. 


e Does not stretch or lengthen with 
use; requires no take-up. 


e Can be designed for zero backlash. 


e Capacity ranges from 1/100 to 300 
horsepower. 


These are but a few of the unique 
features of this amazing tooth-grip 
belt drive that is already in suc- 
cessful use on hundreds of thou- 
sands of machines. Consult your 
local NYB&P Distributor—or 
write direct for the new 76-page 
Gilmer “Timing” Belt Standard 
Drive Manual listing hundreds of 
drives now available promptly 
fromstock. AddressGilmer "Timing" 
Belt Division of New York Belting 
and Packing Co., Tacony, Phila- 
delphia 35, Pa., or phone Devon- 
shire 3-7400. 






















America's Oldest Manufacturer of Industrial Rubber Products 
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For 


Simple more logical grouping of working units 


to insure quiet, smooth trouble-free operation. 


For 


More economical construction and lower mainte- 


nance cost. 


For 


A more direct alignment in remote control or 


power transmission around corners. 


Write on your letterhead for 
“Flexible Shaft Assemblies” 


EW, STEWART MFG. CORP 


4311-13 RAVENSWOOD AVENUE. CHICAGO 13, ILLINOIS 
WEST COAST PLANT: 1638 So. Flower Street, LOS ANGELES 15, CALIFORNIA. 
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CANNOT BE ARGUED INTO A GEAR! 
“ILLINOIS GEAR” BUILDS IT IN... 


A gear is right or a gear is wrong. There will be no argument — 
there will be no compromise with quality 


when you specify Illinois Gears. 





o hot Cwer tb one gear or 10,000 or more 
see ^ ILLINOIS CD & MACHINE COMPANY 




















THE HILLIARD LINE OF Clutches and Couplings 


e OVER-RUNNING - 


USE: Dual drive, two speed drive or standby drive on boiler 
stokers, blowers, induced or forced draft fans, dry cleaning 
machines, ventilating fans and similar equipment. 


Also for ratchet feed on presses or automatic back-stop on con- 
veyors or to permit free rotation when the driver slows or stops. 
SPECIFICATIONS 
Made in 7 types and 15 standard sizes plus special designs for 
specific installations. 


Smallest standard size—1-13/16" diameter x 1-25/64" shaft length, 
3/8” bore, 1/20 H.P. @ 100 r.p.m., 31.5 inch pounds torque normal 
rating. 

Largest standard size—25" diameter x 16-7/8" shaft length, 
7-15/16" maximum bore, 394 H.P. @ 100 r.p.m., 20694 foot pounds 
torque normal rating. 

* Ask for Bulletin 231 if you want additional comprehensive data. 















e. SINGLE REVOLUTION à 


USE: Rivet machines, snap fastener machines, shears, staplers, 
bottling machinery, cut-off mechanisms, indexing and feeding 
equipment, packaging processes or wherever controlled inter- 
mittent motion is necessary from a continuously rotating source 
of power 













SPECIFICATIONS 
Made in 2 types and 11 standard sizes plus special designs to suit 
particular applications. 


Smallest standard size—1-13/16" diameter x 1-13/16" shaft length, 
3/8” bore, 1/20 H.P. @ 100 r.p.m., 2.6 foot pounds torque normal 
rating. Speed up to 275 r.p.m. under certain conditions. 

Largest standard size 17.1/2" diameter x 17.5/8" shaft length, 
bore up !o 4-15/16", 176 H.P. &» 100 r.p.m., 9240 foot pounds 
torque normal rating. Approximate maximum speed 65 r.p.m. 


Write for Bulletin 239 if you need further information. 



























e. CENTRIFUGAL à 


USE: To reduce the starting shock on high inertia drives such 
as Compressors, Ball Mills, Hammer Mills and Mixers. To pro- 
vide smooth acceleration of textile machinery, wire drawing 
machines, conveyors and tube mills. 

Also will permit engines to idle while automatically discon- 
nected from the load until some preset speed is reached . . 
and also used as automatic couplings for emergency or dual 
drive systems. 





SPECIFICATIONS 
Made in 3 general types and 7 sizes. The Hilliard Twiflex centri- 
fugal coupling features exceptional flexibility as an inherent 
quality. 

Smallest coupling—4-3/4" diameter x 3-1/16" shaft length, 1" bore 
maximum, up to 4 H.P. @ 2000 r.p.m. 

Largest coupling—14-3/4" diameter x 7-13/16" shaft length, 4" 
E bore maximum, up to 400 H.P. (à 1440 r.p.m. 


Write for Bulletin +400 for additional information. 


e SLIP à 


USE: to protect speed reducers or gear trains against destruc 
tive overload, to reduce shock in door opening and closing 
mechanisms, as a safety feature where a machine is subject to 
jamming or to limit the torque in any drive. 


Also to provide constant tension with varying speed as in a 
reeling or winding application. 


SPECIFICATIONS 














Made in 15 types and 11 sizes. The torque transmission of all slip 
units is adjustable and some models can be adjusted while in 
operation. 


Smallest clutch (light series)}—2-3/8" diameter x 1-3/4” shaft length, 
1/2" or 5/8" bore, 9 foot pounds torque maximum capacity. 


Smallest clutch (regular series)—5.3/4" diameter x 4-3/4" shaít 
length, 3/4", 1", or 1-1/4" bore, 38 foot pounds torque capacity. 


Largest clutch—27" diameter x 31.3/8" shaft length. bore up to 
8", 24600 foot pounds torque capacity. 


For a complete description, request a copy of Bulletin 300 * 


HILLIARD CLUTCHES AND COUPLINGS ARE 
EXCELLENT FOR ALL CLASSES OF INDUSTRIAL MACHINERY 


ALLPRODUCTSOF THE HILLIARD CORPORATION ELMIRA, NEW YORK 
Es4 
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ff your machine has a shaft 
that must turn at an infinite 


range of LOW SPEEDS... 
GET 


um 







variable speed drives 
: for Accuracy, xe! 


Dependability : S 


ang... 































The Graham Variable Speed Drive 
is a perfected, inherently correct 
mechanism specifically designed to 
bring better, more accurate control 
to your machines. Key to the suc- 
cess of this improved drive is the 
fact that power is transmitted by 
metal to metal contact . . . there 
are no belts, tubes, friction discs 
or other perishable parts. 


For low speed applications where 

all speeds are wanted from a maxi- 

mum of, say, 50 RPM to zero the 
Graham is especially economical be- 
cause it incorporates both the speed 
variation and the speed reduction and 
avoids the cost and complication of 
separate gear reducers. For example, on i D 
conveyor drives, the Graham Model 150MR7 MODEL 150M R7 p. p" 
gives all speeds from 65 RPM to zero and -— 

permits taking further reduction, without added 

cost, by chain. 







ALL SPEEDS FROM TOP TO ZERO EXTREME COMPACTNESS PROVED PERFORMANCE LOW COST 





Only the Graham gives unlimited Only the Graham is built as a The Graham has a performance The Graham is unmatched for accu 

speed range from any desired straight-line extension of a standard record of over fifteen years’ satis- racy of speed setting and resetting 
and s holdin I he fi 

maximum speed to zero, plus re- induction motor (or available with factory use as standard equip- pees Rete. I 








- variable speed drive made'' but costs 
verse if wanted, without stepping Out motor) — the ultimate in sim- ment by leading makers of ma- no more than conventional drives 
the motor plicity and compactness. «hines (OEM buyers). that do less. 








> Gentlemen: Please send your latest catalog on Grahom Variable Speed Drive 
round the 


most reliable variable speed drive made P ano D Conpeny 
dock service s n 


P Address 


City lone State 


TEE Mail This Coupon NOW... 
GET, engineered - — F888 888888 SS SS SSS SESS SS SSSSSSSSSS 
and rated for GRAHAM TRANSMISSIONS, INC. 
RIT DEPT. PE, MENOMONEE FALLS, WISCONSIN 
v 
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It pays to rely on LINK-BELT-- 


ONE SOURCE... 
ONE RESPONSIBILITY 


for power transmission machinery 


There are important advantages in filling your me- 
chanical power transmission requirements from ome 
proved source. First, of course, is the convenience to 
you from a purchasing standpoint. Consider, too, the 
correct integration of every component — with no 
elements under- or over-rated. But you get more than 
this when you call in Link-Belt 

(1) Link-Belt builds a broad range of types and 
sizes in every category. There's no necessity to fit our 


recommendations to a limited line. 


(2) Every product of Link-Belt is built to the 
highest standards of quality. Each offers you impor- 
tant engineering features (see page at right) that 
spell longer life, lower costs for you. 

(3) Link-Belt offers vast knowledge of modern 
industrial requirements plus unequalled power trans- 
mission application experience. 

Add them all up. They're the reasons why it pays 
to rely on Link-Belt. For complete information, call 
the listed Link-Belt office nearest you. 
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Look for 
the darkened 
rollers 


Be sure you get the 


Roller Chain 
with shot-peened rollers 


Shot-peened rollers assure you of extra fatig 
life — just one of the extra-wear features y 
get with Link-Belt Precision Steel. R 
Chain. Link-Belt builds a complete | 
single or multiple widths in 

double pitch, 1” to 3” 


LINK-BELT Silent Chain - - the 
proved way to transmit 
high hp at high speeds 


On thousands of applications, Link-Belt Sil- 
verstreak Silent Chain Drives have proved 
their effectiveness and durability. High hp 
and high speeds are delivered with the same 
trouble-free efficiency (over 989% ) as are less 
lemanding loads 


SERVICE IS AVAILABLE FROM THESE LINK-BELT SALES OFFICES 


Albany 7 i44 Broadway 
* Atlanta Murphy Ave., S. X 
Baltimore 18 2315 St. Paul St 
Birmingham 3 2026 Second Ave., N 
*Boston 15 136 Brookline Ave 
Buffalo 3 295 Main St 
*Charlotte 2, N. ( 112 S. Tryon St 
*Chicago 9 301 W. Pershing Rd 
Cincinnati 2 138 E. Court St 
Cleveland 1 1422 Eudid Ave 
*Dallas 2 500 Good-Latimer Expressway 
Denver 2 « Schloss & Shubart . 1626 Wazee St 
* Detroit 4 5938 Linsdale Ave 
Duluth 2 301 W. First St 
Grand Rapids 7 Burton St., S.W 
* Houston 3203 S. Wayside 
Huntington 9 1009 Fifth Ave 
Indianapolis ¢ 20 S. Belmont Ave 
Jacksonville 137 E. Forsyth St 
*Kansas City 8 2630 Holmes St 
*Los Angeles 3 S. Anderson St 
Louisville 2 136 S. Fourth St 
Milwaukee 3 808 N. Third St 
* Minneapolis 5 200 Lyndale Ave., N 
Moline, Ill l Fifth Ave 
Newark 8, N. J 607 Clinton Ave 

New Orleans + R. J. Tricon Co 
747 Tchoupitoulas St 


New York 7 233 Broadway, Room 3100 
*Includes Factory Branch St 


LINK 


P.I.V. gives you 
positive, infinitely 
variable speed control 


Increase the flexibility and efficiency of your 
machines with P.I.V., the variable speed drive 
thats not dependent on friction. Self-tooth 
forming chain grips toothed wheels positively 
without slippage, gives the exact speed you 
need from maximum to minimum. 
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% Montreal 15 
* Winnipeg 315 
*Vancouver 12 2550 Boundary Road 
*Swastika, Ont 8&8 Boisvert St 
*Halifax « Austen B 

Hamilton 

Sydney * Austen Bros. Ltd 561 George St 
IN AFRICA-—Link-Belt Afri 


*Springs 


IN AUSTRALIA 
* Sydney 


*Oakland 7 ali 1025 Harrison St 
* Philadelphia 045 W 
® Pittsburgh 13 

* Portland 9, Ore 


Hunting Park Ave 
5020 Centre Ave 

N.W. 14th Ave 
Louis 1 317 N. 11th St 


*Salt Lake City 1 8 S. 4th West St 

San Francisc 

wSeartle 4 3405 

*Spokane 1 North 1303 Washington St 
Washington 1 
Wilkes-Barre 
Wilmington 43, Del 

EXPORT DIVISION 
New York 7 R 

IN CANADA 


100 Paul Ave 
Sixth Ave., S 


D. ( 740 Eleventh St., N.W 

15 W. Market St 

805 Orange St 

om 2680 Broadway 
Link-Belt Limited 

wonto 13 l Eglinton Ave., E. Scarboro 

)45 Beaumont Ave 

Portage Ave 


118 Hollis St 
James St. S 


1 Limited 

f South Africa 
New Era, P.O. Box 287 
Link-Belt Company Pty. Ltd 
N.S.W 17 Goulburn St 


Transvaal. Union 


Industry Rd 


Distributors and Representatives throughout the World 


‘O}BELT 


LINK-BELT Fluid Drive 
makes machinery and 
motors last longer 


Constant cushion action provides shock and 
overload protection, eliminates high-starting 
torque and high-starting currents. Link-Belt 
Fluid Drives are the answer for high-inertia, 
repetitive-shock or high-starting torque loads 
Smooth running at all times. 
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No one(hain serves 
every purpose - - choose 
from complete LINK-BELT line 


Link-Belt offers no single “cure-all” chain to 
handle every job. From the most complete 
line of chains and sprockets, we can recom 
mend the best type to fit your requirements 


of cast, combination, forged and fabri- 
cated steel. 


Why LINK-BELT builds 
all 3 types of 
Enclosed Gear Drives 


Whatever factor governs your speed re- 
ducer selection — ratio, space, shaft posi 
tion, shock loading — Link-Belt offers 
the exact answer to your needs. Choose 
from a full range of sizes and ratios 
in Helical, Herringbone, Worm Gear 
Drives and Gearmotors. 


LINK-BELT Ball and Roller 
Bearings serve America's 
hardest-working machines 


Link-Belt bearings give you 

longer life and extend lubricating schedules 

There's a Link-Belt bearing for almost every 
| service — pillow, l 


Precision-built 


industrial flanged, flanged 
cartridge, cartridge, hanger and take-up blocks, 
as well as unmounted bearings 12992-A 


Es7 





most complete line of si 





differential gear reducers 


horizontal type 


patented differential gear 


seven sizes: 
1/10 H.P. to 82 H.P. 
at 1800 R.P.M. 
ratio range: 
1:1 to 50,000:1 
max. output torque: 
200 to 113,000 in. Ibs. 


flanged mounted type 
patented differential gear 


six sizes: 
1/10 H.P. to 50 H.P. 
at 1800 R.P.M. 


ratio range: 
1:1 to 50,000:1 


max. output torque: 
300 to 63,000 in. Ibs. 


vertical type 


patented differential gear 


six sizes: 
1/10 H.P. to 82 H.P. 
at 1800 R.P.M. 


ratio range: 


1:1 to 50,000:1 


max. output torque: 
300 to 113,000 in. Ibs. 


worm and helical gear reducers 


"B" series 


horizontal type 
single reduction 
worm-on-bottom 


ten sizes: 


1/12 H.P. to 12!4 H.P. 
at 1800 R.P.M. 


ratio range: 
5:1 to 132:1 


max. output torque: 
145 to 27,000 in. lbs. 


"BT" series 
horizontal type 
single reduction 
worm-on-top 


eight sizes: 


1/10 H.P. to 124% HP 
at 1800 R.P.M. 


ratio range: 
6:1 to 132:1 


max. output torque: 
205 to 27,000 in. lbs. 


"BV" series 


vertical type 
single reduction 
worm gear 


nine sizes: 


1/12 H.P. to 124 H.P. 


at 1800 R.P.M. 
ratio range: 
6:1 to 132:1 


max. output torque: 
145 to 27,000 in. Ibs. 


“BX” series 


horizontal type 
double reduction 
helical-worm 

four sizes: 


Ye H.P. to 8% HLP. 
at 1800 R.P.M 


ratio range: 
60:1 to 159:1 


max. output torque: 
2250 to 26,000 in. lbs. 


of standardized speed reducers from 1/100 to 85 H.P. 


"DB" series 


horizontal type 
double reduction 
worm gear 


eleven sizes: 
1/30 H.P. to 4% H.P 
at 1800 R.P.M 
ratio range: 
25:1 to 3850:1 
max. output torque: 
32 to 27,000 in. Ibs 


"BDV" series 


vertical type 
double reduction 
worm gear 


seven sizes: 
1/100 H.P. to 4'3 H.P. 
at 1800 R.P.M 
ratio range: 
45:1 to 4080:1 
max. output torque: 
156 to 27,000 in. Ibs 


"DBRA" series 


horizontal or vertical 
right angle drive 
double reduction 
worm gear 
one size: 
1/20 H.P. to '$ H.P 
at 1800 R.P.M 
ratio range: 
25:1 to 1764:1 
max. output torque: 
101 to 154 in. Ibs. 


‘“*700-800-900”’ 


series 
horizontal type 
single reduction 
helical gear 


three sizes: 
42 H.P. to 8 H.P. 
at 1800 R.P.M. 
ratio range: 
3.06:1 to 12.66:1 
max. output torque: 
107 to 1900 in. Ibs, 





| Nelson Liquid Drives 
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» 








Casket- 
sealed by gaskets and “O” rings to 


These units are completely C 
ng— Rugged 3 













reduce the possibility of leaks 
V-belt Sheave—Mounted close to 
motor bearing to reduce loading 
of norma! belt pull 


Combination Oil and 
Dust Seal —Located 
fcr easy accessibility 







































j 
| Sleeve Bearing—Lubricated 
t I 


Input Shaft 
Sleeve— Bored 
to fit standard 
NEMA frame 
motor shafts 


Locking Collar—To prevent 
axial movement of the unit 


THE TO pesien 


* Also available in TH, hub mounted, 
and TF, flexible coupling 


quid within the unit 


All Nelson Liquid Drives Bring You These 


6 BIG OPERATING ADVANTAGES 


/ SMOOTH FLOW OF POWER 


Transmit power at high efficiency. No mechanical connection 
between the driven load and the motor. Continuous uniform torque 
at the output shaft for the acceleration of the machine. 


/ ELIMINATION OF STARTING SHOCK 


Normal back-lash and looseness of the parts of the driven machine 
are taken up before it gains operating speed. Controlled, uniform 
application of motor torque is accomplished by vortex circulation 
of oil. 


, EASY STARTING 


The electric motor always starts at no-load and accelerates to near 


full speed before it is required to develop maximum torque to 


start the load. 


and without notice, in price, specifications 






The Liquid Drive Division of G. E. Neison Co. reserves the right to make changes at any time 
dimensions, and also to discontinue models. 


REDUCED CURRENT INPUT TO THE MOTOR 


The current input to the motor is approximately proportional to 
the torque developed. The motor temperature rise is lowered 
because of reduced resistance losses at conditions of normal air 


circulation. 


, PROTECTION AND REDUCED OUTAGE 


Nelson Liquid Drives protect machinery from costly breakages and 
downtime caused by abuse. Provide controlled over-load torque 
and stalls when a jam occurs. The machine is ready to continue 


when the jam is cleared. 


SIMPLE CONTROLS 


Nelson Liquid Drives permit direct across-the-line full-voltage 





starting of the electric motor by lower current values at near 
full speed. 












MAKES DIFFICULT STARTING...EASY 






Advantages of the 
VARIABLE SPEED UNIT 


The specific advantages to be realized thru the use of a Variable 

Speed type Liquid Drive are derived from its ability to vary the 

speed of the driven equipment and, in another light, its ability to 

limit the torque transmitted to the driven equipment. 

Other advantages to be realized are common to koth the Variable 
Speed type and Traction type Liquid Drives and are derived from two 
basic characteristics of a hydraulic coupling: 

l. The Liquid Drive is a slip type unit. The difference in speed be- 
tween the runner and impeller rotors increases with the increasing 
loads until the runner rotor stalls out. 

2. The torque transmitted by a Liquid Drive, at constant slip and 
constant degree of fill, varies as the square of the impeller or 
motor speed. 

Speed Control: By means of positioning the scoop tube, an infinitely 

variable range of speed control may be obtained. 

Acceleration Control: Within the limits of available motor torque 

and the rate of supply of fluid to the unit, the Variable Speed Liquid 

Drive provides a means of controlling the acceleration of the driven 

equipment. Acceleration is controlled by regulation of the rate at 

which the scoop tube is retracted or the rate at which the unit is 
filled. 

Load Control: In conjunction with acceleration control, the torque 

transmitted to the driven equipment may be limited by setting the 

scoop tube in a given position or regulating the rate of retraction 
of the scoop tube. 

Declutching: The Variable Speed Liquid Drive will allow the driven 

equipment to be rapidly declutched. 


TYPICAL APPLICATIONS FOR THE VS DESIGN: 


Conveyors Coilers 
Crushers and Ball Mills 


Fans and Pumps 


Mixers 
Centrifugals 


Synchronous Motors 


The NEW Nelson VS DESIGN 



































Automatic Control: The Variable Speed Liquid Drive is easily 
adapted to automatic control by the use of pneumatic, hydraulic 
electric or mechanical systems to actuate and position the scoop tube. 
No-Load Starting: The torque transmitting relationship with impeller 
or motor speed is such that practically no-load starting and accelera- 
tion of the motor can be had. This feature reduces starting current 
required, allows the use of normal torque motors, and frequently 
allows motors to be selected on the basis of running load rather than 
starting load requirements. In many cases electrical starting systems 
may be simplified. 

Shock Protection: With the inherent feature of having no direct 
mechanical connection between driving and driven elements and 
of being a slip type unit, the Liquid Drive offers protection against 
shock loads, for both driving and driven equipment. 

The Liquid Drive offers protection against starting shock. resulting from 
mass effects that develop thru the inherent slack or lost motion in 
the various mechanical elements of the power train. Upon the start 
ing of the motor or driving equipment, the Liquid Drive progressively 
tightens up the power train, thereby preventing such starting shock. 
In offering shock protection the Liquid Drive will absorb the shock 
energy and dissipate it, in the form of heat. Other types of dampen- 
ing mechanisms and shock absorbers frequently become the source 
of difficulties, due to the fact that they store and subsequently release 
the shock energy back into the driving and driven equipment, thereby 
minimizing their effectiveness as shock absorbers. 

Overload Protection: The Variable Speed Liquid Drive offers over 
load protection to the motor and driven equipment thru its ability to 
slip when loads are increased. 


WRITE * WIRE + PHONE 


For detailed application and model data for your 
drive problem. 
















Bulletin 6020 covers TS-TF-TH designs 
Bulletin 7020 covers Variable Speed Unit 





LIQUID DRIVE DIVISION 


G. E. 


NELSON COMPANY 


HOLLY, ‘MICHIGAN - 





FLEXIBLE SHAFTS — S.S.White offers a wide choice 


of flexible shafts to meet your specifications. 


FOR POWER DRIVES. Available in a comprehensive selection 
of sizes, load capacities, and other characteristics to meet a wide 
range of power drive requirements. 


FOR REMOTE CONTROL. For manual or mechanical control. 
Featured by minimum backlash (i.e., low deflection in either 
direction of rotation), and smooth, easy operation. 


THE FLEXIBLE SHAFT HANDBOOK—=3rd Edition 
has 260 pages of facts and data on flexible shaft 
selection and application. A copy will be sent free 
to any engineer who writes for it on his business 


letterhead. 


T 
\ = 


FLEXIBLE SHAFT ADAPTERS 


Used to connect flexible shafts in close 
quarters or where space conditions 
prevent a direct connection without 
bending the shaft to the point of possi- 
ble damage. 

Drawings and specifications on request. 


ACTUATORS 


Designed to convert rotary motion into 
linear movement, S.S.White actuators 
can be used with flexible shafts or 
with direct motor drive. 

Drawings and specifications on request. 


INDUSTRIAL “‘AIRBRASIVE’’ UNITS 


Utilizes a fine jet of gas-propelled 
abrasive particles to perform a 
wide variety of high precision op 
erations including cutting, etching, 
deburring and controlled removal 
of surface coatings. 


Samples of your product or material w |! be tested to deter- 
mine the suitability of the ''Airbrasive" Unit for your re- 
quirements. Write for Bulletin 5307. 


DENTAL MFG. CO. 


PLASTIC PLUGS AND CAPS 


THREADED TYPE. Provide inexpensive 
protection to threaded openings and 
studs during shipment, storage or main- 
tenance. Made of tough, non-brittle 
plastic, they are available in N.P.T. 
Standard, Machine Screw and Metric 
Threads. 
Write for Bulletin P-5203. 


ELASTOPLASTIC TYPE. Slipped into or 
over the ends of plain tubing, these 
flexible plastic plugs and caps seal out 
dirt and moisture and prevent damage. 
They hold by friction fit and are easy 
to apply and remove. 

Write for Bulletin P-5107. 


MOLDED RESISTORS 


These "All-Weather" resistors have in- 
herent low noise level and good stabil- 
ity in all climates. HIGH VALUE RANGE 
—10 to 10,000,000 megohms. Rating 
1 watt. STANDARD RANGE— 1,000 
ohms to 9 megohms. Rating | watt. 
Also available are $.S.White 80X High 
Voltage resistors rated at 4 watts ina 
range of resistance values from 100 
to 100,000 megohms. 
Write for Bulletin 4906. 


Wy 
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Spec alties, Inc. 


2635 WEST MEDILL AVENUE 
CHICAGO 47, ILLINOIS 


E 


SPURS * SPIRALS * HELICALS * BEVELS * INTERNALS 
WORM GEARING * RACKS * THREAD GRINDING 
Be eee eet MANUFACTURERS 
-'.. OF FRACTIONAL HORSEPOWER GEARING 


P 
LC NOR 
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counts when you 
buy small gears 


Extra years of smooth, quiet, Zependable perform- 
ance is "be end result" when you buy G.S. Small 
Gearing. Added to these superior advantages is the 
joy of getting Gears that measure up to highest 
UNIFORM quality standards, always! No more 
costly downtime caused by excessive rejects that 
clog assembly lines. .and, no more customer com- 
plaints. Call us early . . at the drawing board stage 

. whenever Fractional Horsepower Gearing is 
involved. Get all the benefits only 35 years of spe- 
cialization can give. 


GET OUR TAOL 6-PAGE FOLDER 


See where and how we mass-man- eo 
. 


ufacture Small Gearing to uni- 
formly fine tolerances. This at- 
tractively printed 8-4 x 11" 6-page 
folder is punched for ring-binder 
use. You'll want to keep it handy 
for frequent reference. It contains 
23 pictures of Small Gears, plant 
views, as well as Diametral and 
Circular Pitch Tables. Ask for 
your copy on company stationery, 
please! 





Your Headquarters | { 


CAST CHAIN, STEEL CHAIN, SPROCKETS, 


You design with confidence when you specify from the 
complete Rex and Baldwin Rex line of chains, sprock- 
ets, couplings, belt idlers and Shafer bearings. Over 60 


vears of manufacturing experience assures you top 


quality in every product. Shown here are a few of the 


BALDWIN REX ROLLER CHAIN —for high speed power transmission 


and timing. 


REX CHABELCO® STEEL CHAIN —for drives and conveyors where 


loads are heavy and conditions severe. 


BALDWIN REX DOUBLE-PITCH ROLLER CHAIN—for drive and con- 
veyor service where speeds are slow to moderate. 


REX PINTLE CHAIN—for drives and conveyors where speeds and 


loads are moderate. 


most popular Chain Belt Company products. For more 
information call your nearest Chain Belt Field Sales 
Engineer or write to Chain Belt Company, 4655 W. 
Greenfield Ave., Milwaukee 1, Wis. 


BALDWIN REX LEAF CHAIN—for tension linkage applications. 


BALDWIN REX BLOCK CHAIN—for tension linkages and light load, 
low speed drives and conveyors. 


REX COMBINATION CHAIN—a rugged chain popular for bucket 
elevator service and for transfer service in pulp and lumber mills. 


ATLANTA « BALTIMORE « BIRMINGHAM «+ BOSTON 
BUFFALO - CHICAGO « CINCINNATI « CLEVELAND 
DALLAS « DENVER * DETROIT * EL PASO * HOUSTON 
INDIANAPOLIS * JACKSONVILLE * KANSAS CITY 

LOS ANGELES * LOUISVILLE 


Distributors in all principal cities 


EXPORT OFFICES 
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for the Best... 


ROLLER BEARINGS, COUPLINGS, BELT IDLERS 


REX FLEXTOP CHAIN—a flat top conveying chain that flexes in two 
planes. Eliminates transfer points. 


BALDWIN REX CUT TOOTH SPROCKETS— 
precision sprockets for use with Baldwin-Rex 
Roller Chain. 


REX CAST SPROCKETS—available in 
Rex Temperim * which increases service 
life of both chains and sprockets. 


BALDWIN REX FLEXIBLE COUPLINGS—for 
long service life, maximum flexibility, mini- 
mum backlash. 5 designs available. 


- » 


REX BELT IDLERS—a complete line of smooth rolling, long-lived 
idlers for every belt conveying service. 


EB lE company 


OF MILWAUKEE 


MIDLAND, TEXAS e MILWAUKEE «+ MINNEAPOLIS 
NEW YORK « PHILADELPHIA «+ PITTSBURGH 


PORTLAND, OREGON . SPRINGFIELD, MASS. 
ST. LOUIS * SALT LAKE CITY * SAN FRANCISCO 
SEATTLE * TULSA * WORCESTER 


in the United States and abroad 


4800 W. MITCHELL ST., MILWAUKEE 1, & 19 Rector ST., NEW YORK CITY 
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REX TABLETOP® CHAIN —a simple, flat top chain for conveying 
cans, bottles, jars, parts, etc. Only two parts. 


BALDWIN REX PLATETOP® CHAIN — for conveying cans, bottles, 
jars, small parts, etc. 


REX FLAT SPRAY NOZZLES—Knife-like sprays of 
water for cleaning, cooling, descaling throughout 
all industry. 


Shafer Roller Bearings—self-align- 
ing, carry the big loads, saving 
money and power. Available in 
pillow blocks, flange units, take-up 
units and five other types 


Chain Belt Company 
4715 W. Greenfield Ave. 
Milwaukee 1, Wisconsin 
Gentlemen: 


52-511A 


Please send me vour booklets entitled Unusual Applications 
of Roller Chains," “Conveyor Chains and Attachments Care 
and Maintenance of Chain Drives and Conveyors Highlights of 
Shafer Bearing Design.” 


Company 


City and Zone 
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USE A CENTRIC, THERE'S ONE FOR EVERY NEED. 





MIS 
Transmission 
Equipment 





LOVEJOY FLEXIBLE COUPLINGS. 
Provide positive protection 
against vibration, torque, and 
shock of intermittent loads. 
Cushions changed without shut 
down. No lubrication required 
Every duty from 1/6 to 2500 hp 


LOVEJOY VARIABLE SPEED 
PULLEYS: Change instantly to 
any speed required—while ma 
chine is running. Ratios to 3 to 
l. Fractional to 8 hp 


LOVEJOY SELECT.O.SPEED 
TRANSMISSION: Finger-tip con 
trol for instant adjustment over 
wide range of speeds. Hand 
wheel or lever control. Ratios 
to 10 to 1. Fractional to 5 hp. 


LOVEJOY UNIVERSAL JOINTS 
Finest alloy steel. Precision 
ground. No binding, backlash, 
or pin end play. 13 sizes. Bores 
4 to 2 in. Lengths 2 to 105% in. 


Send for catalog and valuable engineering data 


LOUEJOV FL 


4964 W. Lake St., 








& 





Down On These 
ER DRIVE "DEMONS" 


E ovsntoAp DOWN-TIME 
g SUDDEN, SHOCK STARTS 
NO ACCELERATION CONTROL 





THE NEW REVOLUTIONARY CENTRIC CENTRIC CENTRIFUGAL CLUTCH- 
OVERLOAD TRIG-O-MATIC CLUTCH COUPLINGS AND CLUTCHES 


—is a torque limiting safety device which is simple From Fractional to 2500 h. p. 
and positive in disengagement when a pre-deter- 
mined overload occurs—and when the clutch is reset, 
the machine will resume operation at the exact cycle 
point of release. 


—provide smooth cushion starts, accelera- 
tion control and overload protection through 
centrifugal force on internal shoe arrange- 
ments. Starts are gradual without shocks so 
that running loads are accelerated and 
controlled—so that overload protection is 


Important—all these clutches will run in either direction 
—and all are equipped with a micro-switch activating 
pin for automatic power shut-off. 


obtained. 

This Clutch eliminates pre-determined overloads with 
instantaneous trigger action release. It reduces down- There are Motor Type Clutch-Couplings for 
time in power drives by elimination of shear pins. Is shaft-to-shaft direct connection, Indirect 
ideally suited for speeds as low as one rpm—and Drive Clutches, Spring Controlled Clutch- 
for higher speeds as well. The clutch is easily adapt- Couplings for engines and dual drives and 
able to specific driving arrangements—sprockets, Vertical Lift-Out Clutch Couplings. 
pulleys, belts, gears, etc. Permanent protection is 
provided due to the negligible wear of the clutch Tell us your need. We will reply 
parts. with complete information and prices. 
CENTRIC CLUTCH 

C Oo mM PF" A NM Y ROUTE 9, WOODBRIDGE, NEW JERSEY 










e Operating Economy 
e Minimum 
Maintenance 


e Efficient 
Production Control 


UNIVERSAL 
JOINTS 





Flexible Couplings 


Joints may be fitted 


SAVINGS GUARANTEED 


or with | 


by more than 50 Years 


to specification 


of Joint - making “Know 





Variable Speed Pulleys 


and Transmissions round bore 


Send your blueprint. Quota- 
tions and detailed catalog will 


be promptly furnished. 





Universal Joints square hole 
Makers of 
Atlas and Vulcan Universal Joints 
i Since 1900 
ahaa GRAY & PRIOR MACHINE COMPANY 


623 WINDSOR ST., HARTFORD 5, CONN. 


In the West: Link Belt Co., Los Angeles, San Francisco, 
Portland, Seattle, Oakland, Spokane 


Chicago 44, Illinois 
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V ! N C 0 helped take à "gis" out 


of involute spline manufacturing and 
gaging for INTERNATIONAL HARVESTER 


Mr. Leon N. DeVos 
Vinco Corporation 
9111 Schaefer Highway 
Detroit 28, Michigan 





Dear Mr. DeVos: 





Since early 1950 you and other members of the Vinco Corporation 

have been working closely with representatives of our Company in 
solving the many complex problems involved in the design, manufacture, 
and inspection of involute splines. During that time you and your 
associates have been extremely helpful to us in taking the "guess" 

out of involute spline manufacturing and gaging. 


Because such conferences with you have been so productive, meetings 
of this kind are now a "must" in our farm tractor manufacturing 
operations. Subsequent discussions have been most helpful in 
establishing designs and gages for our transmission shafts and gears. 


We wish to take this opportunity to thank the Vinco Corporation for 
the fine cooperation it has extended to our Company. This is just 
another example of how companies such as International Harvester and 
its suppliers can, by working together, produce better products for 
a better America. 





Sincerely, 


Eric A. Wolfr 





VINCO CAN DO THE SAME FOR YOU 


So if your next production program involves 
splines, call in a Vinco field engineer. He will save 
you both time and money. 


VINCO CORPORATION 
9111 Schaefer Hwy., Dept. H, Detroit 28, Mich. 


VINGO 


MILLIONTHS OF AN 
INCH FOR. SALE 


























VINCO, the country’s largest 
spline gage manufacturer, produces 
all types of involute, serration and 
straight sided spline plug and ring 
gages. 


THE TRADEMARK OF DEPENDABILITY 
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ACME Chains 


are custom made for 
Strength and Durability 


The ACME chain line includes all American standard sizes of ma- 
chine finished steel roller chain with standard attachments for these 
chains; the heavy series of standard pitch chains; the extended pitch 
series of chain and attachments for same. ACME also builds special 
attachments that may be required for special purposes in various 
lines of industry and for the conveying and elevating of materials; 
also a line of cable or leaf chains. 





This 
HANDBOOK 
Supplements 
last Year's 





STANDARD 
MULTIPLE 







STANDARD 
ROLLER 
CHAINS 


This edition of the HAND- 
BOOK of Product Design 


of double, triple or 
quadruple in stock 
Available in standard 








pitches, Multiple widths 
of six strand or wider 
available for special cpplicaton 


adds to the constantly useful 


library of design engineering 





B'ilt to meet American CABLE 
Standards Specifications CHAINS 


Available in pitches from 3” to 212" riveted 
and detachable type. Also extra heavy series 


data begun with the publica- 
tion of the HANDBOOK last 


year. 









DOUBLE 
PITCH 
CHAIN 







Acme Cable Chains are 
furnished in a variety 
of pitches, widths and 
Strength to meet a 
large range of require 
ments and applications 


place previous ones, but will 


supplement them by bringing 


For use in slower 
speed power trans 
mission and material handling con 
veyors. Single tooth form and dou 
ble tooth form sprockets available 


your fund of design engineer- 


New editions will not re- 
ing data right up to date. 
| 


SPROCKETS 


Acme Sprockets are avail 
able in a T RC of 
zes, in o types shown i 
ben steel plate, standard So keep your last years 
single a T" P 
teel plate bolted to hu . . 
tes we fene « HANDBOOK along with this 


order 


SERVICE IS THE KEYNOTE 


OF ACME SUCCESS 
Write or phone Holyoke 2-9458 
new issue. You'll continue to 
find it regularly helpful in 
your work. And next Novem- 
ber, you will receive the third 
Annual HANDBOOK of Prod- 
uct Design. 

Write Dept. 1HB 
for new illustrated 
76 page catalog on 
use and application 


of roller chains and 
sprockets. 


Ess 


HOLYOKE 
MASSACHUSETTS 
A 
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because designers... 















machinery builders... 
dealers and users 


learned they could 


SOLVE 


POWER TRANSMISSION PROBLEMS FOR SURE 


WITH BLOOD BROTHERS UNIVERSAL JOINTS 








FOR MARINE AND 
INDUSTRIAL EQUIPMENT 


FOR AGRICULTURAL AND CONSTRUCTION MACHINERY 









FOR TRUCKS AND BUSES 


Recommended Torque 
Rating, Inch Pounds 






Recommended Torque 


Maximum Torque Rating, Inch Pounds 


Inch Pounds 


Maximum Torque 
Inch Pounds 

















































Needle N Series BW Series Cont. Momentary 
Bearings Balanced for Load Load 

K Series Cont. Hand | L10S Series 650 Opt. 45N 14,000 3600 BW-12 1,020 4,450 
K2R Series Load Oper. 1FR Series 1,080 a 5SN 20,000 R.P.M. BW-1 1,695 7,500 
L14S Series 1,230 " 50N 20,000 Max. BW-2 3,350 11,72¢ 

K-1-C 350 2,000 3DR Series 1,800 - 6N 38,000 " BW.3 4,450 16,80€ 
K-2-A 350 5,000 L16S Series 2,200 " 60N 38,000 BW.4 5.080 22,900 
L6S Series | ) ^ L14N Series 4,500 - 7N 57,000 " BW.5 8,640 34,200 
L6N Series ( 100 2,000 35N Series 10,000 x 70N 57,000 ” BW-6 11,620 60,000 





70,000 BW-7 28,600 150,000 


BW-9 89,300 500,000 





When you need universal joints or propeller shafts, write or phone— 


BLOOD BROTHERS machine division 


UNIVERSAL JOINTS Rockwell Spring and Axle Company 
AND DRIVE LINE ASSEMBLIES ALLEGAN, MICHIGAN 
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IMMEDIATE DELIVERY! 


FUNK es: 


TRANSMISSION 
EQUIPMENT 







FUNK GEAR 
REDUCTION 
POWER 
TAKE-OFS 


Three models; 4", 434" 
and 6'2" gear centers. 





| à 
I 
| More and more manufacturers are saving 
| Save Up To s lot 2 —À Got _ TEM lam- 

nate tam sears. Now, for man 
For 50, 75 and 90 H.P. | applications, single stampings can be 
engines with S.A.E. fly- laminated and indexed to produce wider 

] faces, at savings up to 60% ! Greater skill 
wheel housings. Wide n and accuracy in tooling. stamping and 
uie d "— | assembling assures smoother, quieter 


operation. Avoid assembly headaches, 
ratios. delays, downtime, waste. Get the uniform 


| quality only WINZELER Stamped Gears 
| ear 0S $ can give! 


WRITE FOR FREE folder describing 
our facilities, assemblies, and various 
Stamped Gears. Includes data and 
tables. Samples, ideas, quotations, 
for the asking. 





FUNK'S EXCLUSIVE 
STRADDLE MOUNTED 
PINION 


A new exclusive development in the 
gear reduction field. Both ends of 
pinion supported by tapered anti- 
friction bearings, and  lubricated 
floating spline joins input shaft and 
pinion Eliminates misalignment 
from improper installation or load 
deflection. Increases life of all parts. 








L — 


WIMZELER MANUFACTURING & TOOL C0. 


1712 WEST ARCADE PLACE, CHICAGO 12, ILLINOIS 





FUNK POWER 
TAKE-OFF CLUTCHES 


Three models of over-center clutches for 
all engines with S.A.E. flywheel housings 
Recommended for engines of 50, 75 and 
90 H.P. Standard models include heavy- 







SPEED REDUCERS 


P 
Yin nay 
vVUUuM 


MD duty types “=< CUT COSTS because they’re 












EFFICIENT 
FUNK Torque Converters —transmit power smoothly and economically , 
Torque converters with a capacity rating up to 200 foot- tea ag , — 
` . . . — n ervice- e expec n 
pounds input. Available also for use with Transmissions & ——— pectoncy 
Power Take Offs. COMPACT 


— » —conserve space 


SELF-LUBRICATING 


SPECIAL RATIOS IN =y — less maintenance 
SMALL QUANTITIES 








e 


and 













sht 
` oil-tigh : 
. o TT ar 4 
The design of Funk Equipment and our production facili- educers yailable in /° 
° . e e n ; are avs ingle 
ties enable us to furnish special gear ratios and special nst dust They nbinations -— 
. — à | ag8 and cot m 1/2 = 
adaptations of standard units in small quantities. aonne ur, worm, On © re rated from = 
sizes in SP tion units ? 99 to } = 
jouble reduc? to 10,0 = 
di 


WRITE FOR CATALOG 
AND PRICES 


seerne | FUNK AIRCRAFT CO. = 
Power Take-Off« . -T 


Power Take-Off Clutches 








‘a 


jud Teaser 3313 AIRPORT DRIVE 0. 
Conversion Kits 


4824 WEST léth STREET © CHICAGO 50, ILLINOIS 
Tang Cosme" COFFEYVILLE, KANSAS Mírs. of Gears, Speed Reducers and Gearmotors 
E70 
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itsa 
WICHITA 


LOW INERTIA 


Air- Tube CLUTCH 








For smoother, faster, more consistent and 
trouble-free operation, this Johnson 90-ton 
OBI press was equipped with a Strong Heart 

The WICHITA Low Inertia Air-Tube CLUTCH. 
This clutch is compact, powerful, and BUILT 
FOR YEARS OF SERVICE. Make your machin- 
ery more efficient with increased performance 
and production by changing to Wichita Low 
Inertia Air-Tube Clutches...NOW! 


Additional Advantages 
SAFER OPERATION 

COOLER RUNNING 

MINIMUM SLIPPAGE 

NG LUBRICATION 

NO ADJUSTMENTS 


NO BACKLASH 


BUILT IN STANDARD & 


LOW INERTIA TYPES 
(ALL POSITIVELY VENTILATED) 


+ + + + + + F 


FOR COMPLETE INFORMATION, CALL 
THE WICHITA ENGINEER NEAREST YOU 


WICHITA DISTRIBUTORS 
Brehm-Lohner, Inc., Detroit, Michigan Smith-Keser & Co., Philodelphia 44, Pa. 
L. H. Fremont, Cincinnati, Ohio Smith-Keser & Co., New York, N. Y. 
W. G. Kerr Company, Pittsburg’, Po. Frank W. Yorline Co., Chicago, III. 
Smith-Keser & Co, (Main Office) West Hartford, Conn. Power Rig & Equipment Co., Inc., Long Beach, Calif. 


Robert R. King Co., Cleveland, Ohio 














* : FLEXIBLE COUPLINGS 
Dyna-Line e FIT YOUR DRIVE! Catalogs 
— — ge] | 
n IS P 


————À 
F 4 LI [Ta | > 5 
IHilBiirii m Bulletins 






1" to 2%" 
—) 
Lengths to Your 


Drive Design 
Needs 


> 





Min. Length 
z z z0 200 





SPECIFY Guardian FOR BEST PERFORMANCE OF YOUR EQUIPMENT Request additional information using 


postcards following page 24 





"Exclusive Guardian Dyna-Line construction Nylon spline member. Ask about Guardian's NEW 
JAW-TYPE* coupling with Nylon member 







produces a superior one-piece flexible power 


(Q-1) POWER TRANSMISSION 













. TEDWV ; i 
connector by joining the three components Patent Pending MACHINERY—Dodge Mfg. Corp., 
: l i 3 i Catalog D-49, 256 pp. Covers: bear- 
into one unit while they are spinning and Guardian Dyna-Line Couplings are available in i h 

i "SUPER-CONSTRUCTION'' in the =3 and 24 ings; take-ups and hangers; V-belt 
held in dynamic alignment series which apply a quality factor of 2.0 to drives; steel pulleys; speed reducers 
In these couplings, the length “of Flex the H.P. ratings of these two series friction clutches, couplings, and collars; 
vises and other engineering data. Has 

Element specified enters the function of Write for C-102 Catalog Page, also Drive Data — " t er e 8 eering c 
Form 253 for coupling recommendations cutaway views of many parts and 

needed adjustment to misalignment, or of -— — S : 






charts giving complete specifications 
added torsional damping. Exceptional lateral J . for all parts 
flexibility with minimum stresses imposed Ct 


and torsional stability retained are controlled 







(Q-2) ROLLER CHAIN AND 
design features PRODUCTS CORP. SPROCKET WHEELS — Link Belt 
COUPLING DIVISION Co., Catalog 2457, 150 pp. Discusses 


pube cumdtcnen d Qua Sylt Siu Dept. IC-P, 1215 E. Second Street stock drives, drive chains, and con 
Couplings—standard for years in the Oil Burner 


Industry. NOW AVAILABLE with 'ong-wearing Michigan City, Indiana veyor chains, sprocket wheels and 
chain tighteners, and under each gives 
the selection, drive groups, engincer 
ing, ratings, specifications, and other 

How do vou like the details Also has sections on installa 
- tion and maintenance, chain casings, 

> ° . , t 
lubrication and balance chains. Con- 


HA NDBOOK ? tains many illustrations, engineering 


1 


and line diagrams, ph specification 








chart and curves 
Our editors would like to know what you think of the HAND- 













BOOK of Product Design. Its purpose is to bring you all the (Q-3) SCREW CONVEYORS AND 
preceding years design-engineering developments of major sig- FEEDERS — Link Belt Co., Catalog 
nificance, culled from leading technical publications here and 2289, 2 PP — 22 light 
heavy, fine, coarse, granular, flaky, and 

men free-flowing materials. Has detailed 
Ihe HANDBOOK is a working reference book, which vou will engineering information with slection 
keep handy and use frequently in your work. Each year, another tables and hp formulae, layouts and 










arrangements, and dimensional data to 
permit selection for many tvpes of ap 


valuable HANDBOOK will be added to your library 



















an added bonus to your regular Product Engineering subscrip- plications 
tion. Your response to the first annual HANDBOOK last year 
surpassed our most optimistic hopes. We hope and believe you Q-4) GEAR RI DUCERS BD U 
will find this vear’s editién even more informative and lastingly James Gear Mfg. Co. Catalog 47-B, 88 
useful pp. Aids for selecting the proper gear 
reducer for specific power transmission 
(After you ve had time to read and evaluate this HANDLUOKk, problems. Divided into: (1) motorized 
please give us your impressions, as well as any suggestions vou gear speed reducers, a con bination ol 
may wish to make to help make this annual service more and motor and reducer; ( -J MOSO ECGULETS 
helpful. WH Ed assembled on base plate with a coup 
more helptul. rite ditor, ling: (3) gear spe d reducers. In 35 
sizes in rangers from X, to 75 hp with 
HANDBOOK, Prod Engi i eee 
, Product Engineering 
. eg ae 5 [AR SP LI 'CERS 
McGraw-Hill Building, New York 36, N. Y. (Q-5) GEAR SPEED REDUCER: 
D. O. James Gear Mfg. Co, Catalog 


{7-B, 84 pp 





Has guide for determining 
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For Your Product Planning... 


5 orotion 
bd LL t 
TIILAI 


1907-13 * 
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The V-Drive Engineering Data section of this large, interesting illustrations, complete tables, 
44-page manual gives you the facts and figures and easily readable type, it tells the full story 
you need to engineer your V-Drives. Its instruc- about Maurey Flexible Couplings, Interchange- 
tions and tables enable you to quickly, accurately able Bushings, Hi-Q V-Pulleys, Mor-Grip 
pre-determine the pulleys and belts that are V-Belts and V-Drive Accessories. Your copy 
right for your V-Drive requirements. will be sent without charge on request. Write us 

In addition, it gives you usable, practical on your company letterhead and tell us how 
information on Maurey V-Drive equipment in many copies you need for yourself and others in 
the range of fractional to 10 horsepower. With your department. 


2915 South Wabnsh Avenue, Chicago 16, Illinois 
World's Largest Manufacturer of FHP Cast Iron and Pressed Steel V-Pulleys . . . serving industry since 1917 
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character of load and service factors in 
selecting motorized reducers and gear 
speed reducers. Has sectional views, 
tables, or types of motors, drives, 
speeds, overhung loads, thrust loads, 
dimensions and weights, mounting 
positions, and rating tables. 














































with 
DIRECT AC TION — 


(Q-6) FLEXIBLE COUPLINGS 
Thomas Flexible Coupling Co., Cata- 
log 51, 78 pp. Describes a full line 
of all metal flexible couplings for 
power transmission. Sections are divid- 
ed into: light load couplings; couplings 
for motor and turbine drives; couplings 
for engine and motor drives; single 
type couplings for angular misalign- 
ment; floating shaft coupling; and spe 
cial couplings. Covers wide range of 
horsepower and speed 


(Q-7) FLEXIBLE SHAFTING 
A F. W. Stewart Mfg. Corp., Catalog, 64 i 
) pp. Has over 400 illustrations of the 
types of end fittings, casings, adapters, 
and shaft combinations applying to a 
variety of standard sizes available, and 


! J z F í prob lems on remote control 
A (Q-8) CHAINS AND STOCK 


Dings Magnetic Brakes have no solenoids, SPROCKETS — Diamond Chain Co 
. + . ( ata r 70 5 : > 

Mechanical linkages to wear or adjust... Inc., Catalog 709, 54 pp. Gives points 

, : ) E. j on how to select a stock roller chain 

SET OR RELEASE with Dings Brakes is virtually instantaneous— drive. Gives speed ratios for combina 

movement of the braking assembly is measured in thousandths of tions: installation and lubrication 

an inch. Direct spring action sets the br: akes. M agnetic pull rele: ases recommend ations. Has many tables. hp 

them. ratings, illustrations and complete spe- 

Speed isn't the only advantage of Dings direct control design. cifications for all types and sizes of 
Wearing parts have been reduced in number, Less maintenance is chains and sprockets 


required and space is saved. 


| LOOK AT THESE OTHER DINGS BRAKES FEATURES 4 Ghai Belt Con Handbook, 40. pp 


Plain chain and attachments are illus- 
trated and described, including tables 
giving dimensions, weight, strength, 
and lengths. Chain drive and con 
veyor applications are illustrated. Also 
covers chain theory, travel, recommen- 
dations for drives and conveyors, and 
discusses correct sprocket theory and 


€ Easy Installations—no need to dis- 
mantle brake. 


* High Thermal Ratings—longer life 
with more stops per minute. 


* Manual Release—handy lever serves 
as wear indicator, resets itself. 


design 

(Q-10) V-DRIVES Maurcy Mfg 
Co., Cataleg, 44 pp Information on 
fractional horsepower V-drives and 


€ Easy Adjustment for Torque and 
Wear—just a twist of a wrench on 
the adjusting nuts. 


Send for Catalog 





5 > pa and accessories. In the 
f db ea lategrel end drive parts inc ccessories ! € 
Peundiénel disse range of fractional to 10 hp., it lists 
4 e 2 power brakes. a line of bushed type and fixed bore 
( e aj NEN uoo oet SETUP type cast iron, and pressed steel V 
pulleys, V-belts, refrigeration fans, and 
DINGS BRAKES, INC. I fan pulleys, and V-drive accessories 4 
(Subsidiary of: Dings Magnetic Separator Co.) An Engineering Data Section gives 
4715 W. Electric Ave., Milwaukee 46, Wis. general information in selecting the 
PLEASE SEND ME BULLETIN B-4000-B. I proper drive for particular require 
ments 
Name Title l 3 d : T 
(Q-11) INDUSTRIAL V-BELTS 
Firm I Durkee-Atwood Co., Catalog D-161, 
— : 10 pp Some illustrations, and com- 
plete specifications on multiple and 
City Zone State I general duty belts. Gives: calculations, 
i 





laa ea ae E 2 comparison charts, correction factors, 


Product Engineering — 1954 Annual Handbook 











Farrel-Sykes herringbone 
gears are available in any 
size from '4 inch to 20 feet 
diameter, '4 to 60 inch face, 
24 DP to 0.75 DP 





FARREL WILL MAKE EXACTLY 
THE GEAR OR SPEED REDUCER 
YOU REQUIRE- 


Of importance to you is Farrel's ability to solve your gear or 
speed reducer problems. 

Your requirements alone determine the eventual specifica- 
tions. There is never any need for compromise. 

Farrel-Sykes herringbone gears are made for any power 
capacity and any speed. Their quiet, vibration-free perfor- 
mance and long life result from extreme accuracy of tooth 
spacing, profile and helix angle, and other qualities inherent 
in the Farrel-Sykes method of gear generation. Precision 
manufacture and the use of highest grade materials also con- 
tribute to long gear life. 

Farrel speed reducers are available in a wide range of ratios 
and capacities. Designs include single, double and multiple 
reduction units, right angle drives and drives to meet special 
requirements. All are unusually adaptable. Gears and pinions 
can be proportioned to meet specific load, speed and service 
requirements. Input and output shafts can be varied in size, 
in material, and in extension. Even some housing dimensions 
can be modified. 

Farrel engineers will be glad to assist you in working out 
your gear or speed reducer problems. 


FARREL-BIRMINGHAM COMPANY, INC., ANSONIA, CONN. 


Plants: Ansonia and Derby, Conn., Buffalo, N. Y 
Sales Offices: Ansonia, Buffalo, New York, Boston, Akron, FB-867 
Detroit, Chicago, Memphis, Minneapolis, Portland (Oregon), 
Los Angeles, Salt Lake City, Tulsa, Houston, New Orleans 


T ana 


' 4 
e M R 
, 4 . 
-— 
Standard double reduction unit. i haley fe 


d 
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many manufacturers 
like to WORK WITH ML Qe AEN 
SO 



















HERE ARE A NUMBER OF GOOD EXAMPLES to 
prove that it pays to work with Clark Equipment: a family 
of major automotive units of long and enviable reputation 
—including special transmission-axle drive units developed 
by manufacturers’ engineers and Clark engineers for agri- 
cultural, heavy-duty highway and off-highway vehicles. 





In this close cooperation with leading manufacturers, Clark : s * | 
relies mainly on its own unique experience gained from a i 
half century of useful service to the Automotive Industry— 
an experience embracing practically the entire field of auto- j . 
motive power transmission. The results were exactly as S : ` 
could be expected: well-built units of sound design—in ; 

some instances revolutionary; with the necessary stamina 

to deliver long, efficient performance. 


In your own product design—new unit or an old one to 
be modernized—you, too, may find it highly beneficial to 
work with Clark. There’s no cost nor obligation in finding 
out—just write to 


CLARK EQUIPMENT COMPANY : 


Buchanan, Michigan 






"Cmm 
| Write for this 


new 36 page book CLARK E 
illustrating ond BINIHIZ TAE. i | . 
| describing the i -— i . 
| products and 
| facilities of CLARK 
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Engineers don't buy gears from us because they 
like the way we part our hair. They check the 
facts, make up their own minds. 


Some of them, we are beginning to believe, 





PLE Mv cow o 2 e odentger 
uly] | | ivy ivy viv) one-Drive gears and reducers than we do. 
e| || 1] vM Iy vv AGRICULTURAL As part of a field study, we asked a number 
fe] | | iV) IM vi oíihem vi they adopted Cone-Drives. The 
PIV] | | | VI I IVIvivi Bakery Equipment tables show what they told us. 


We were not surprised at the frequency with 


know even more about the advantages of 






which ‘lower cost, ‘space saving’ and ‘more j 
CHEMICAL TR . 
a capacity’ showed up. After all, in standard Cone- 3 


Drives you automatically get more load capacity 


° . n C 
in a smaller, lower cost ‘package’. But some of a 
Construction the other reasons checked by users are quite ai 
thought provoking. 7 


CONVEYORS Worth looking into? We'll be glad to send you 
any technical data we have. Just drop us a line. 


CRANES 
HOISTS 


WINCHES 
— Aud now... 
iva v Dams ANOTHER 
,| v MET Cone-Drive 
V MERI ADVANTAGE! 
w| | | | | Iv] iM asd quat ud 
v Laundry mountings and re- 


aL LIII re regi p 
vi | | IM IM lV iw | Leather should ever need 
sii IiI ivv vv Es Machinery 


































aU al Replacements from 


M EQUIPMENT stock on all stand- 




























them. 






one 
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Standahd CONE-DRIVE GEARS 


AL 


LA 


Ml 


Cone-Drive gears and reducers derive their ad- 
vantages primarily from the fact that the gears 
and worms are double-enveloping. This means 
greater contact per tooth, more teeth in contact 


| va vv 

better load distribution, increased capacity, longer Y| | vi | VvV iviviv] 

life, lighter weight, smoother operation, higher al | | Td] IM [Vw MY 

safety factor, ability to resist shock loads, freedom 

from service trouble— and Jower overall cost. tiv] | | VI Iv] ivi MIXERS & 
i| ||| VV] lV | 
at tt iy vy 
CMC 

»| ||| vj" NNI 

et | Tt | | lV Mv | 

| vV V v 

B 








LNNENNZENNETZA S... 
FP Yl | 
Py vi l l vv EE 


ONE. RIVE m ee 
I€—— M / X. 7 llb oss 
DOUBLE EN-/ELOPING GEAR SETS & SPEED REDUCERS 


PT mama. 
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EVERY 
TYPE OF _ 


CONTINUOUS-TOOTH 
HERRINGBONE GEAR 
1” to 60” diameter, 16% DP 
to 14DP and up to 20” face. 


en eee sa ee MONTE 


CUT GEAR 9. 


FOR EVERY- = 6 
INDUSTRIAL $=- 


PURPOS 


SINCE 1888. 
making many types and sizes of 
gears for industry. During these 
passing years we have derived 
considerable experience, trained 


.. We have been 


numerous personnel, and expand- 
ed our mechanical and plant facil- 
ities—and have remained under 
one continuous management. 
We are ready to ably serve you. 


WORM GEAR 


1” to 58” diameter, 
from 24 DP to 1 DP. 


22S | 


eter, 32 DP to % DP and 
up to 30" face. 


EPI A r e EN 


HELICAL GEARS 


From 1” to 72" diameter, 
24 DP to 1% DP and 
vp to 20" face. 


CAESAR PE A 


BEVEL GEARS 
Straight Tooth 


From 1” to 60” diameter, 
24 DP to % DP. 


ESTABLISHED 


1888 


D. O. JAMES GEAR MANUFACTURING CO. 


SPIRAL BEVEL GEARS 


From 1” to 30” diameter, 
24 DP to 1% DP. 


1140 W. Monroe Street, Chicago 7, Ill. 


Eso 


design information, drive tables, for- 
mulas, and other engineering informa- 
tion 


(Q-12) LEATHER BELTING—Gra- 
ton & Knight Co., Catalog 101, 40 pp. 
Has helpful information on how to 
choose the proper belt for various con- 
ditions. Tables show horsepower rat- 
ings, belt speeds, specifications of con- 
trolled tension bases, plus formulas 


(Q-13) HERRINGBONE GEAR 
DRIVES—Link Belt Co., Bulletin 
2519, 36 pp. Detailed information 
about single, double, and triple reduc- 
tion enclosed herringbone gear drives 
in service. Horsepower ratings for in- 
put speed of 720 to 1750 rpm are given 
for all drive sizes, plus complete in- 
structions for correct selection. Lists 
39 sizes of drives in 534 standard ratios 
from 2.84:1 to 326:1. 


(Q-14) RIGHT ANGLE SPEED RE- 
DUCERS—Western Gear Works, Bul 
letin 5023, 35 pp. Has complete speci- 
fications on a line of: horizontal single 
reduction; vertical single reduction; 
horizontal double reduction; vertical 
double reduction; and horizontal and 
vertical triple reduction. Gives over 
hung load and thrust capacities; service 
factors; and installations and lubrica 
tion information. 


(Q-15) COUPLING OR CONVERT- 
ER- Twin Disc Clutch Co., Booklet, 

2 pp. Explains where couplings and 
tesque converters should be used, and 
why. Illustration and text explains why 
a hydraulic coupling transmits only in 
put torque, and a hydraulic torque con 
verter multiplies torque. Has advant 
ages of each type drive as applied to 
all types of industrial machinery. 


(Q-16) CHAIN DRIVES & CON. 
VEYORS-— Chain Belt Co., Bulletin 
51-7, 32 pp. Called, "Installation, 
Operation, and Maintenance of Chain 
Drives and Conveyors," it gives help- 
ful hints, aided by many illustrations 
and drawings, in the care of chain 
drives and conveyors. Covered is: in- 
stallation and operation; care of 
sprockets, lubrication; inspection and 
storage; adjustment and repair 


(Q-17) UNIVERSAL JOINTS—The 
Apex Machine and Tool Co., Catalog 
í pp. Covering a complete line 

of universal joints for aircraft and in- 
dustrial application, data sheets, spe- 
ifications and other information 

Models described are: heavy-duty and 
light-duty aircraft joints; heavy-duty 
industrial, and quick-change universal 


joints 


(Q-18) CHANGE SPEED UNIT - 
Philadelphia Gear Works, Inc., Bul 
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Da 


ESTABLISHED 1888 


Available in either 
Horizontal or Vertical Drive 


Continuous-tooth Herringbone 
Single, Double, Triple Reduction 


Motor Reducer D i 


Spiral Bevel Herringbone Double Worm Gear — a Packaged Unit Motorized Worm Gear 


D.O.James Gear Manufacturing Co. is constantly developing and con- 
tinuing to improve its variety of gear speed reducers — enabling engi- 
neers and designers of power-saving equipment to meet and cope with 
space limitations, horsepower requirements, ratios, location of driven 
or driving shafts and the type of drive that the many and varied instal- 


lations require. Catalogs are available containing complete informative 
D engineering data that will assist in the selection of the type of reducer 
for the specific job to be done. 
D.O.JAMES GEAR MANUFACTURING CO. 
Since 1888—Makers of Cut Gears, Gear Reducers and Flexible Couplings 


Spiral Bevel Gear 1140 W. MONROE STREET * CHICAGO, U. S. A. 


Right Angle Gear Reducer 
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letin CSU-52, 24 pp. With many il- 
lustrations, cross-section views, and en- 
gineering diagrams, it contains com- 
plete specifications of all the change 
speed units. Points covered are: pro- 
cedure for selecting unit: table of load 

characteristics, service factors; dimen- 
b sions of units; hp ratings; overhung 
load capacity; parts lists; and special 


arrangements of units. | 
4 
ESTEH (Q-19) SPEED REDUCERS —Dodge 


Mfg. Corp., Bulletin A-614-A, 20 pp. 
Engineering information and selection i 
data on the complete line of torque f 
arm speed reducers, and the overload 


Precision-cut gear racks release, designed for use with the re- 


and gear products made ducer. ( apacıty range inc reased to 43 i 
hp with a speed range from 12 to 300 
on the latest, most rpm. Shows cross section views, and t 


modern equipment to engineering and installation data 
most exacting speci- (Q-20) FLOATING DISK 4 
CLUTCHES The Carlyle Johnson i 


fications ... Machine Co., € atalog, 20 pp Contains 








information, photos and diagrams co ' 
ering eight sizes of standard Maxitorq 

clutches with capacities from 14 to 15 

hp at 100 rpm. Also discusses an auto 

matic overload release clutch in six l 
sizes and pulley type, cut-off coupling 

ind ring type driving cups, together 

with complete specifications Contains 

nany engineering drawings 


(Q-21) ELECTRIC CLUTCHES 

Warner Electric Brake & Clutch Co., i 
Bulletin 6089, 20 pp. Has illustrations 

and descriptive data on the construc- 


Plus 


the highly special- 
ized knowledge of tion and operation of electric clutches 
und clutch-couplings. Has speed-torque 
and speed-heat charts along with form 


our engineering staff 
to assist in ever : 

Y ulas to help in selection of the right 
clutch. Also has engineering drawings 
and specifications of all models 


phase oí power trans- 
mission and instru- 


ment application. (Q-22) SPEED REDUCTION DRIVI 


American Pulley Co., Catalog 50 
MZ, 20 pp Illustrates and describes the 
Shaft-King shaft mounted speed-reduc 
tion units adaptable to any shaft siz 
up through 3-15/16 inches. Has di 
mensions of units, where they are used 
and how installed, including instru 
tions on how to select the correct size 


WORCESTER 


PRECISION \ 
PRODUCTION 
EQUIPMENT 


unit for a given application 


(Q-23) HELICAL GEAR DRIVES 

Foote Bros. Manual MPB, 18 pp. De 
scribes a line of enclosed helical gear 
drives in single, double and triple re 
duction types. Forty-two sizes availabk 
with standard ratios ranging from 2.08 
to 1, up to 360 to 1, and capacities 
ranging up to 1,550 hp. Contains spx 

cifications for each model and engineer 
ing diagrams of the various styles and 


standard assembly diagrams 
1CESTEHR gear works, inc. — Ó—Ó 


(Q-24) WATER-COOLED COUP 


24 GRAFTON ST. (Phone 5-3109) WORCESTER 4, MASS. E | — Pe. ds 
n o PP ;Ives comp ete details 
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HOT COILED SPRINGS 


Stock diameters from 34” to 24%"; lengths, from 
1” up to 60"; capacities, small up to 85,000 
pounds. All ASF springs are completely heat- 
treated and tempered, and can be shot-peened 
to prevent development of tatigue cracks. 


e». 





LEVEL-LOAD AXLES 


A completely new principle of axle design that 
means a new ride for all types of towed equip- 
ment. Both springs work together and share 
the load equally. Prevent tipping, tilting or 
swaying of towed equipment, such as compres- 


sors, generators, etc and insure a safer ride! 


To the engineer responsible for 


E», 
= 





PINS, HEAVY BOLTS 
and BUSHINGS 


ASF has specialized facilities for producing pins 
of practically any size, alloy, shape or degree 
of finish you require, including the latest equip- 
ment for induction hardening. Also completely 
equipped for producing bushings, from 1" I.D. 
up to 4” O.D., and heavy bolts, upset, heat- 
treated and machined. 





UPSET and DROP FORGINGS 


ASF can furnish you forgings that are heat- 
treated ... "rough" or precision-machined . . . 
as separate parts or as assemblies. Rarely do 
you find a forging producer with such a diversi- 
fied service to offer. 


design and development . . . 


These ASF products can make 
your job easier! 


If you're looking for a supplier who can accept 
responsibility . .. who can show initiative on 
problems of "Engineering in Steel" ...it will 
pay you to investigate American Steel Foundries. 
We offer manufacturers a complete service on 
springs, pins, heavy bolts, bushings and forgings 
— as well as the revolutionary new “‘Level-Load”’ 
axle for trailers and industrial towed equipment. 


By "service" we mean the often-demonstrated 
ability to work for or with product designers in 
solving application problems ... and the facili- 
ties to furnish these products in small or large 
quantities, completely machined and ready for 
your production lines. If your problem involves 
any of the products shown above, write us today. 
Our experience can be of help to you! 


AMERICAN STEEL FOUNDRIES 


410 N. Michigan Avenue, Chicago 11, Illinois 
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The maintenance of Colt's 117-year reputation 
for top-line products places a heavy responsibil- 
ity on our engineers. Product Engineering serves 
as a continuing source of up-to-the-minute 
technical ideas which aid greatly in meet- 
ing the demands of our production problems 


J. M. McNally 
Vice President — Chief Engineer 
COLT'S MANUFACTURING CO, 


THE MEN WHO DESIGN 
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He leads design at Colts 


HE READS PRODUCT ENGINEERING 


Preference for it...by design-engineering leaders 
everywhere in industry ... makes Product Engineering 
your basic medium in the Original Equipment Market 


When you advertise to the $26-billion Original Equipment Market in Product 
Engineering, abundant evidence is available to prove the soundness of your 
choice. 


This is the magazine over 24,000 management-concentrated design engi- 
neers now subscribe to, and pay to read. Product Engineering is the only design 
publication which can offer you the basic proof of reader interest inherent 
in an all-paid circulation. 


This is also the design magazine in which over 800 value-conscious adver- 
tisers invest far more pages and dollars than are entrusted to any other maga- 
zine edited for industry's top buyers of parts, materials, components, and 
finishes. 


By every measure of advertising value, Product Engineering is the leader 
among design publications. And if you want to reaffirm how much this can 
mean in making your products the leader in their field, call or write our nearest 
representative, Of all buying groups in industry today, product-design engi- 
neers are the most active and important. Isn't it good to know, then, that one 
of America's really great industrial magazines is edited for them , . . and ready 
to sell for you? 


The McGraw-Hill Magazine of Design Engineering 
McGraw-Hill Building, New York 36 


DISTRICT OFFICES: Atlanta 3 * Boston 16 * Chicago 11 
Cincinnati 8 * Cleveland 15 * Dallas 1 * Detroit 26 
Los Angeles 17 * New York 36 * Philadelphia 3 
Pittsburgh 22 * San Francisco 4 


AMERICA'S NEW PRODUCTS READ PRODUCT ENGINEERING 
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@ Provide smooth, positive pickup 
@ Adapt to 1-5 hp. gas engines 
@ Reduce belt slippage and wear 
@ Automatically tighten belt 


V-PLEX Automatic Transmission Clutches 
furnish load - free idling and no - load 
starting. Standard equipment on over 
20 makes of lawnmowers, power saws 
gorden tractors, elevators, and other 
units, Available in '5", 54", 34" and 

shoft sizes. V-Plex improves and sim 
plifies operation at amazing low cost! 

As the throttle is opened, centrifugal 
force moves governors to grip and move 
the belt gradually into high gear. Re 
duced engine speeds shift V-Plex back 
into low or idling positions 


Idling low High 


n 


V-PLEX 


CLUTCH DIVISION 


Hagerstown, Indiana 


on water-cooled couplings for adjust- 
able speed drives from a-c. Has basic 
principles of eddy-current couplings, 
characteristics of the coupling, applica- 
tion, and construction details. Has 


curves, specifications and many illustra- 
tions 


(Q-25) CONVEYING EQUIPMENT 

Link Belt Co., Booklet 2392, 16 PP 
Discussed are: screw conveyors, belt 
conveyors, bucket elevators, oscillating 
conveyors, car spotters and pullers, 
grain car unloaders, power scoops, 
dryers and coolers, vibrating screens, 
dryers, bearings and transmission ma- 
chinery, and chains and sprockets, with 
nany illustrations of each 


(Q-26) HELICAL GEAR DRIVES 
Link Belt Co., Booklet 2451, 16 pp 
Advantages, fields of application, and 
correct selection ar disc ussed Full 
page cross-sectional views show design 
and construction features both double 
ind triple reduction types. Load classes 
for 170 types of machines are given, 
and tables give maximum overhung 
loads for drives of various sizes 


(Q-27) FLEXIBLE GEAR COUP- 
LINGS—Sier-Bath & Pump Co., Inc., 
Catalog C4, 16 pp. Has large exploded 
and cutaway view of a easily assembled 
flexible gear coupling in load capacities 
from 4 to 600 hp per 100 rpm. Has 


e è 


Eliminate high-cost-specials’ 


by standardizing on 


specifications and engineering data for: 
standard; mill; motor; vertical; floating 
shaft; and spacer types in sizes 7 to 
6 inches. 


(Q-28) EDDY-CURRENT EQUIP- 
MENT Dynamatic Corp. Bulletin 
GBI, 16 pp. Discusses basic principles 
of eddy current machinery. Curves 
show torque and heat characteristics. 
Other sections devoted to cooling, ef- 
ficiency, control, operating character- 
istics, and other units made by the 
manufacturer. Large illustrations are 
included 


(Q-29) DISCONNECTING COUP- 
LINGS—Twin Disc Clutch Co., Bul 
letin 500, 12 pp. Describes a new dis- 
connecting hydraulic coupling having 
advantages of fluid drive and a master 
clutch. Presents diagrams explaining 
fluid dumping feature cooling circuits 
illustrated; hp range chart. In 21 and 


7 


in. sizes with hp from 35 to over 
600 


(Q-30) TORQUE CONVERTERS 
FOR TRUCKS—Twin Disc Clutch 
Co., Bulletin 501, 12 pp. Gives applica- 
tion to on-highway and off-highway 
units, and gives advantages of highest 
torque multiplication of pulling and 
torque converter braking. Graphs show 
performance characteristics, and illus- 
trations show typical applications 


4 


AMERICAN STOCK GEARS . 


Reach for the handy American Stock Gear catalog 
when you are specifying gears for the product 
you are designing... Save time... Save money. 

This complete line of high quality gears in- 
cludes brass, bronze, steel, semi-steel, cast iron 
and non-metallic gears of every industrial type. 

Readily available from an authorized distribu- 


tor near you. 


American Stock Gear Catalog 300 con- 
tains detailed information and latest 


prices on complete line. 


AMERICAN 


STOCK GEAR division 


PERFECTION GEAR COMPANY « HARVEY, ILLINOIS 
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Line-O-Power . Line-O-Power Right Angle! 
Straight Line Drive Drive (Flange Mounted) 
(Foot Mounted) 










Maxi-Power Helical 
Gear Drive 









Foote Bros.-Louis Allis 
Horizontal Gearmotor 


Hygrade Worm Gear 


| E name your job... WM 


| 1 Pos a Oss oo 
DRIVES WILL 
HANDLE IT / 












Foote Bros.-Louis Allis 
Vertical Gearmotor 


















Worm-Helical Gear 


At Foote Bros. you'll find a complete line of enclosed gear drives. 
Drive 





Modern, compact gearing — helical or worm — provides ratios up 
to 4,108 to 1 and capacities up to 1,550 h.p. to meet toughest speed 
reduction requirements. Also available for trouble-free service are 
Foote Bros.-Louis Allis Gearmotors, horizontal and vertical. 





Foote Bros. offers you these advantages: Nearly a century of 
design, engineering and production experience... the latest in 
gear-cutting equipment... better control of materials. At three 
modernized plants, advanced manufacturing techniques assure 


superior drives for every power transmission need. 


WRITE FOR THESE FOOTE BROS. BULLETINS: 
LPB — Straight Line Line-O-Power Drives 










DUTI-RATED LIFETIME GEARING LWA — Right Angle Line-O-Power Drives 
GMA — Foote Bros.-Louis Allis Gearmotors 
This Trademark Latest development in HGB — Hygrade Worm Gear Drives 
Stands for the Finest industrial power transmis- MPB — Maxi-Power Helical Gear Drives 
in Industrial Gearing sion. Offers new, economi- WHA — Worm-Helical Gear "c 


cal approach to equipment 


design. Provides amazing z 

savings in weight and 

space. Assures longer wear 

life, maximum load-carry- 
ing capacity and quieter, Bolter Power Ms Through y m 


smoother operation. Write FOOTE BROS. GEAR AND MACHINE CORPORATION 
for information. Dept. W, 4545 S. Western Blvd. * Chicago 9, Illinois 










PELAT 
doo 
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We thrive on 


tough gear problems 


More and more gear users rely on The 
Cincinnati Gear Company for their special 
gear needs, because they've found that we 


Precision 
Miter Gears 
for Aircraft 

" . Landing Gear 

have the “know-how” to produce the right gears 
for their toughest requirements every time! And this — 
"know-how" is backed up by the most modern pro- 
duction equipment, complete heat treating facilities, WORM 
one of the largest shave cutter stocks, electronic in- INTERNAL 
spection when required . everything our expert 
craftsmen need to produce top-quality custom gears 


: : HELICAL 
consistently, economically. 
HERRINGBONE 


SPIRAL BEVEL 


Filling different, unusual custom gear orders is an 
every-day occurrence for us. Whatever your custom 
gear requirements may be, we can fill them to your 
complete satisfaction. Write, wire, or call today for 
full information, N 


*CONIFLEX BEVEL 
SPLINE SHAFT 


*Reg. U. S. Pat. Off. 


_ 


"Taso Giss Ow 


GEAR COMPANY 


"Gears... Good Gears Only" 
Wooster Pike and Mariemont Ave. e Cincinnati 27, Ohio 


This DRY PLATE DISC CLUTCH has 
a wide range of applications . . . from 
1to 30 h.p. per 100 r.p.m. 


Compact, light in weight and easy to apply, these 
clutches provide smooth, easy pick-up of load with 
out vibration or strain. They are ideal for such 
applications as machine drives, and a wide range of 
power take-off mechanisms. Duplex units are als 
ovailable to furnish both forward and 
movements 


reverse 


WD 


against steel discs. Unusually high speeds can be handled because design is such as 


Friction surfaces are sintered bronze running 


to overcome effects of centrifugal force. Positive disengagement is effected by springs 
Moderate clamping pressures assure a minimum of wear. Single point adjustment 

Available in a wide range of sizes and capacities as follows: bores from 15/16" to 
3-11/16"; working torque from 630 inch Ibs. to 18,800; overall diameters from 414” to 
1334"; mechanism lengths from 5-11/16" to 1334". Made in Ball Bearing Sleeve and 
Cutoff Coupling Type 


Ask for complete specifications and dimensions 


NEWTON CLUTCH MANUFACTURING CO., INC. 
3-5 BORDER ST., WEST NEWTON, MASS. 
Also 


Split and Solid Interchange Clutches—Pulley Clutches and Interchange Cutoff Couplings 


(Q-31) HELICAL GEAR DRIVES 

Foote Bros., Manual LPB, 12 pp. Il 
lustrations and specifications for a series 
of enclosed helical gear drives with 
straight line power transmission with 
a minimum number of moving parts 
Applications, load characteristics, horse 
power ratings, and engineering draw- 


ings 


(Q-32) BALL SCREW ASSEMBLIES 

Vard, Inc., Bulletin, 12 pp. Illus- 
trations of a line of ball screws, ball 
screw actuators, electro-mechanical 
actuators, gears, gear boxes, and other 
aircraft components Compares ball 
screw assembly with acme screw. Has 
specifications of ball screw units with 
ball dia. from 0.063 to 0.406 inch 


(Q-33) FLEXIBLE SHAFTING 
Kupfrian Mfg. Co., Bulletin 5194, 10 
pp. Has many illustrations showing 
typical shaft assemblies; flexible shaft 
couplings; coupling nuts; different 
types of casings; and illustrations of 
applications. Gives complete specifica- 
tions for 14 different types 


(Q-34) RIGHT ANGLE GEAR 
DRIVE-—U. S. Electrical Motors, Inc., 
Bulletin F-1775-60 m, 8 pp. Describes 
in detail a new Holloshaft gear drive 
to operate vertical turbine pumps where 
electricity is not available. Full page, 
color cutaway view shows all the fea- 
tures. 


(Q-35) TORQUE CONVERTER - 
Diesel Div., General Motors Corp., 
Booklet 6SA24, 8 pp. Has cutaway 
drawings, and curves showing hp 
characteristics of engines equipped with 
the converter. Explains operating prin- 
ciples, and shows application in var- 
ious installations 


(Q-36) LIQUID DRIVES G. E. 
Nelson Co., Bulletin 6020, 8 pp. Has 
large cutaway view of: the traction 
sheave; the traction flexible couplings; 
and the traction hub mounted liquid 
drives. Also has c mplete specifications 
and engineering drawings showing in 
stallation arrangements for electric 
motors 


(Q-37) TORQUE CONVERTERS 

Allison Div. of General Motors, Book 
lets SA-1015 & 1018, 8 pp Has com 
plete specifications for the series 600 
and 900 torque converters for heavy 
duty oper tion. Has cross-sectional 
views, engineering drawings, and ex 


tensive descriptive dat 


(Q-38) SPROCKET WHEELS 

Link-Belt Co., Booklet 2467, 8 pp 
Lists 207 sizes of sprocket wheels car 
ried for 78 types ind sizes of chains 
using cast-tooth sprocket wheels. Thes 
includ lass 4 pintle; class SS 
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The Coupling that gives you 
— Desion Features 


ALL STEEL construction from high grode 
steel castings with fine tool finished surfaces. 


LONGER LINING UP SURFACE 
insures easy, accurate initial 
alignment and full capacity to 
handie any subsequent mis- 
alignments. 


ONE PIECE COVER SLEEVE is 
one solid forged steel unit for 
added safety at high speeds. 


COVER SLEEVE BEARING 
prevents any added pressure to 
either shaft; eliminates adverse 
ond crank action on shaft. 


3 AUTOMATIC LUBRICATION 

with ever-present oil film be- 
tween hub and sleeve to pre- 
vent friction or wear. 





POSITIVE SEAL hermetically 
seals coupling against oil oxi- 


LARGER BORE permits use of 
smaljer physicol capacity for 


dation and keeps ample supply same size shoft and reduces 


of CLEAN oil inside. 


Its design refinements, rugged construction and operating 
advantages account for the notable performance records of the 
WALDRON Gear Coupling. Its reputation for providing a longer 
life of trouble-free service has for many years made it the first 
choice of practically all leading equipment builders. When you 
specify WALDRON you are getting maximum protection against 
coupling failure, costly shut-downs and replacements and damage 


to expensive equipment. Write for Catalog 57. 





ancke Pin Type Co 


NEW BRUNSWICK * 


Waldron Seri: A J T Couplings Fr 


Sales Representatives In Principal Cities + 
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JOHN WALDRON CORPORATION 


upling 


NEW JERSEY 


In Canada— Peacock Brothers, Ltd. 

























































most economical 





to buy and to use! 


v Available in Standard, Heavy Duty Mill, Mill 






Motor, Floating Shaft, Jordan, Shear Pin, 





Cut-Out, Vertical Floating Shaft and Spacer 





types. A type and size for every purpose 











Standard design can be quickly and easily 


adapted for any special application 

















y Waldron nylon non-corrosive, non-lubricated 
gear coupling for small fractional H.P drives. 


Nothing to wear out. No maintenance, 











Anchor-Waldron Overload Cut-Outs 
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BASIC... 


Diefendorf engineers ap- How do you like 


proach every project in- 

volving gear mechanism s : 
with an understanding that the HA NDBOOK ? 
basically gears must func- wales 

tion perfectly within the 


unit. 


Thus Diefendorf always seeks basic un- 


derstanding of the overall project. Such Our editors would like to know what you 


think of the HANDBOOK of Product Design. 


co-operative engineering is always avail 
able anywhere within the scope o! 
Diefendorf facilities. It's purpose is to bring you all the preceding 


DIEFENDORF GEAR CORP. 
SYRACUSE, NEW YORK 


years design-engineering developments of 
major significance, culled from leading tech- 


nical publications here and abroad. 


pi ~ - E N [] - F The HANDBOOK is a working reference 
book, which you will keep handy and use 


frequently in your work. Each year, another 
valuable HANDBOOK will be added to your 
library, coming as an added bonus to your 
regular Product Engineering subscription. 


Your response to the first annual HAND- 


ouble e € f . ud 
"un VAM 9 BOOK last year surpassed our most optimistic 
angular and parallel a 


pes d hopes. We hope and believe you will find this 


vears edition even more informative and 


lastingly useful. 


After you've had time to read and evaluate 
this HANDBOOK, please give us your impres- 


sions, as well as any suggestions you may wish 
engagement i E 7 
for angular to make to help make this annual service 
misalignment 


more and more helpful. Write: Editor, 


SPHERE-GEAR SHAFT COUPLINGS 


Barcus Patent 2303813 


Solve Your Misalignment Problems 


This coupling is DIFFERENT. Hub teeth are generated on 
a segment of a sphere. When engaged with the annular 


teeth, it is possible to maintain uniform velocity even when $ T ( E 

coupling is operating at 4° angular misalignment. : ^ 
AVAILABLE DESIGNS 

FLOATING SHAFT e HANGING LOAD èe MARINE è AIRCRAFT 


SHEAR PIN e FLANGELESS e SINGLE ENGAGEMENT Dae > "noineerinoe 
LANGELESS o SINGLE Product Engineering 


SPECIAL DRIVE CONDITIONS 
Write for Catalog No. 50 describing these problem solving 


couplings. McGraw-Hill Building, New York 36, N. Y. 


DYKMAN MANUFACTURING CORP. 
320 Broadway, New York 7, N. Y. WB-3 
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AIR COOLED COUPLINGS AJUSTO-SPEDE MOTORS 


YNAMAT 
E RN 


EDDY- CURRENT 
ROTATING EQUIPMENT 


ABSORPTION DYNAMOMETERS 


LIQUID COOLED COUPLINGS UNIVERSAL DYNAMOMETERS 


Dynamatic Eddy-Current electro-magnetic equipment represents 
the ideal solution for a wide range of adjustable-speed drive 
problems, particularly where an AC power source is a require- 
ment. Typical applications include paper machine drives, cement 
mill drives, industrial truck clutches, press drives, crane brakes, 
fan drives—in fact, practically all test, processing, and conveying 
equipment common to industry. Instantaneous response and accu- Write for your copy of Bulletin 


i GB-1 which describes and illus- 
rate control are important advantages. trates the basic Dynamatic units. 


Na MATII C0 RPO RAT | ON KENOSHA + WISCONSIN 
)YNAMATIC Subsidiary of EATON MANUFACTURING COMPANY, Cleveland, Ohio 
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AVOID COSTLY SHUT-DOWNS! 


Specify THOMAS Flexible Couplings for Power Transmission 


DISTINCTIVE ADVANTAGES of THOMAS ALL-METAL COUPLINGS 


FACTS EXPLANATION 


NO MAINTENANCE Requires No Attention. 


Visual Inspection While Operating. 


No Wearing Parts. 
NO LUBRICATION Freedom from Shut-downs. 


| No Loose Parts. 
NO BACKLASH | All Parts Solidly Bolted. 


Free End Float under Load and 


CAN NOT "CREATE" THRUST | Misalignment. No Rubbing Action 


to cause Axial Movement. 


PERMANENT Drives Like a Solid Coupling. 


Elastic Constant Does Not Change. 
TORSIONAL CHARACTERISTICS Original Balance is Maintained. 


Patented Flexible Disc Rings of special steel transmit 
the power and provide for parallel and angular 
misalignment as well as free end float. 


Thomas Couplings are made for a wide range 
of speeds, horsepower and shaft sizes. 


THE THOMAS PRINCIPLE GUARANTEES 
PERFECT BALANCE UNDER ALL 
CONDITIONS OF MISALIGNMENT 


MANUFACTURERS OF 
FLEXIBLE COUPLINGS ONLY 
FOR OVER 35 YEARS 


Write for our new Engineering Catalog No. 51 


THOMAS FLEXIBLE COUPLING COMPANY 


WARREN, PENNSYLVANIA, U.S.A. 


bushed roller; class H pintle; class C 


combination chain; and Ewart Link- 
Belt. 


(Q-39) SPEED REDUCERS Uni- 
versal Gear Corp., Catalog 600, 8 pp. 
Has brief descriptions of speed reducers 
from 1g hp to 6,000 hp and ratios of 
3 to 1 up to 1,000,000 to 1. Installa- 
tions and applications are shown along 
with a description and cross-section of 
heliocentric principle. 


(Q-40) MULTIPLE V-BELTS 
Thermoid Co., Booklet 3787, 8 pp. 
Shows construction and gives the di- 
mensions of various sizes of multiple 
V-belts, and light duty V-belts. Has 
simplified conversion tables for accu 
rately and easily determining the cor- 
rect belt to use 


(Q-41) INDUSTRIAL DISK 
BRAKES—The Goodyear Tire & Rub- 
ber Company, Bulletin A1725K, 8 pp 
With illustrations it lists the varied 
applications of the airplane-type disk 
brake for industrial uses. Can be 
adapted to most machines, and can be 
operated hydraulically, mechanically, 
pneumatically, or can be spring-set, 
solenoid released. 


(Q-42) HIGH TORQUE CLUTCHES 

Formsprag Co., Bulletin, 6 pp. De 
scribes the principle of sprag operation 
and how they are used in various types 
of clutches. Lists advantages and ap- 
plications of: over-running; indexing; 
and back-stopping clutches. Has cut- 
away views of standard clutches. 


(Q-43) PNEUMATIC CLUTCH 
AND BRAKE—The Federal Machine 
and Welder Co., Booklet, 6 pP. Dis- 
cusses the use and maintenance of 
pneumatic friction clutch and brake 
on presses. Also gives a comparison of 
positive clutch versus the pneumatic 
friction clutch and brake. Illustrations 
show installation on presses and a 
cutaway view identifies all the parts 


(Q-44) FRICTION CLUTCH—Link- 
Belt Co. Booklet 2437, 4 pp. Has 
schematic drawings and dimensional 
tables to aid in the selection of the 
right friction clutch couplings. Fea- 
tures positive action and easy adjust- 
ment. In 10 sizes from 234 to 125 hp 
at 100 rpm. 


(Q-45) FULLY CROWNED GEAR 
TEETH —American Flexible € oupling 
Co. Bulletin 1052, 4 pp. Lists the 
seven major engineering advantages 
of fully crowned gear teeth in gear 
type flexible couplings. Applications 
of couplings for power transmission 
problems such as excessive offset, space 
limitations and high speeds are de- 
scribed. 
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Design V-Belt Drives with latest 
RMA approved higher HP ratings 


LATEST RMA HORSEPOWER RATINGS 


OFFER POSSIBLE 


By using higher ratings in the popular 
speed ranges, in many cases fewer belts 
and fewer sheave grooves can result in 
lower costs. Adequate safety margins are 
still included. 


@ New horsepower ratings for standard 
and Hy-Load premium V-belts 


@ Two new correction factors: length 


correction and small diameter factors 


@ Standard sheave sizes and standard 


groove dimension sheaves 


COST SAVINGS 


Durkee-Atwood offers you the first Indus- 
trial V-belt catalog published with new 
increased horsepower ratings approved by 
the Rubber Manufacturers’ Association. 
Technical information includes: 


@ New revised pre-engineered drive 
tables 


® General duty V-belt engineering in- 


formation 


® Sections on Open End V-belting and 
Link-type V-belting and VV-belts 


FOR YOUR FREE COPY CATALOG D161A WRITE DEPT. 411, 


Durkee- Atwood Co., Minneapolis 13, Minn. Separate catalog information also 
is available on Durkee-Atwood Industrial V-sheaves, Light 
Duty type Catalog D172 and QD type, Catalog D170. 


Form No. 548 


md DURKEE-ATWOOD CO. 


Product Engineering — 1954 Annual Handbook 





NEW BOOKS 
Design Analysis & Mechanical Parts 


Numerical Methods in Engineering 
by Mario G. Salvadori, Assoc. Prof. 
of Civil Eng., Columbia Univ., Mel- 
vin L. Baron, Research Assoc., Co- 
lumbia Univ. 258 pp, 6 x 9 in. Pub- 
lished by Prentice-Hall, Inc., 70 
Fifth Ave., New York 1l, N. Y. 
$6.65. 


It is the purpose of this presentation 
to introduce students, scientists, and 
particularly engineers to those elemen 
tary techniques which are needed morc 
often in the solution of technical prob 
lems 

The five chapters of the book deal 
with: 1. The solution of algebraic 
equations of high degree and of simul 
taneous linear algebraic equations 
The elementary theory of finite differ 
ences and its application to numerical 

integration, interpola- 
tion, and extrapolation. 3 


differentiation, 
| The solution 
of ordinary initial-value problems. 4 
The solution of ordinary boundary and 
The 
solution of problems involving partial 
differential equations of boundary, 


characteristic, and mixed types 


characteristic-value problems. 5. 


Mathematical Engineering Analysis 
by Rufus Oldenburger,  Pb.D., 
Woodward Governor Co., 6 x 9 in., 
126 bp. Publisbed by tbe MacMil- 
lan Co., 60 Fifth Ave., New York 
11, N. Y., $6. 


Written as 
pg analvsis courses and as a refer 


for the 


a college text for engi 
industrial researchman, the 


author's work covers the basic physical 


ence 


engineering problems 

It is divided into five parts dealing 
with mechanics of rigid bodies, ele 
tricity and magnetism, heat, elasticity 
and fluid Fundamental 


theories are developed in order that 


mechanics 


the student can apply the principles to 
the various problems that may be en 
countered 


Mechanics, Part II, Dynamics by J. 
L. Meriam, Associate Professor of 
Engineering Design, University of 
California, 330 pp, 6 x 9 in. Pub- 
lished by John Wiley & Sons, Inc., 
{40 Fourth New York 16, 
N. Y., $4. 


Ave., 


The seven chapte rs are headed: Prin 
ciples of Mechanics, Kinematics, Prin 


E94 


ciples of Kinetics, Force, Mass and 
Acceleration, Work and Energy, Im- 


pulse and Momentum, and Periodic 
Motion 


The subject of kinematics has been 
separated from kinetics to make pos- 
sible a clear distinction between these 


two elements 


work and en- 
ergy, emphasis is placed on the energy 


In the discussion of 


equation and its use for a conservative 
system. The transfer between mechan- 
ical and non-mechanical energies is also 
discussed. The chapter on impulse and 
momentum leads directly into the time 
rate of change of both linear and angu- 
lar momenta, with variable mass given 


special emphasis 


Mechanism by Joseph Stiles Beggs, 
Assoc. Prof. of Engineering, Uni- 
versity of California, Los Angeles. 
8 x 11 in., loose-leaf. U. C. L. A. 
Students’ Store, 402 Westwood 
Blvd., Los Angeles 24, Calif. $3. 


This book was compiled from notes 

an advanced course in kinematics, 
and provides a reference for the selec- 
Mathematical and 
graphical analyses are presented con- 


tor 
tion of mechanisms 


cerning position, velocity, acceleration, 
rolling gearing, cams, cou- 
plings, intermittent drives, linkages and 
slides, tension and compression links, 


curves, 


nechanism trains, mecha 


computing 
nisms, and controlling circuits 


Servomechanism Analysis by George 
J. Thaler, Asst. Prof. of Electrical 
Engineering, U. S. Naval Postgrad- 
uate School and Robert G. Brown, 
Senior Project Engr., A. C. Spark 
Plug Div., General Motors Corp., 
6 x 9 in., 414 pp. Published by tbe 
McGraw-Hill Book Co., 330 West 
12 St., New York 36, N. Y., $7.50. 


the 
the 
the 
servomecha- 


Beginning with a discussion of 
background of automatic controls, 
authors present the essentials of 
mathematical theory of 
nisms. They stress the elements of an- 
alysis as being a necessary pre-requisite 
to design 

The Laplace transformation, which 
is discussed in detail, is used exclusively 
as a mathematical tool since it is suita- 
ble both for the the dif- 
ferential equations and for 


solution of 
involved 


Product 


the construction of transfer functions. 

To facilitate setting up the differen- 
tial equations for various systems, the 
authors devote considerable space to 
the use of electrical analogies of me- 
chanical, thermal, hydraulic and pneu- 
matic systems as well as electro-mechan- 
ical machinery. Following this, the 
differential equations of some basic 
servomechanism systems are derived, 
solved and the solutions analyzed. 

Two special features of the text 
exemplify recent developments in servo 
theory. One of these is a discussion of 
Relay Servomechanisms. The other fea 
ture is the Root Locus Method which 
is a convenient means of computing 
the transient response from the transfer 
function equations 


Weight-Strength Analysis of Air- 
craft Structures by F. R. Shankley, 
Professor, University of California 
at Los Angeles, 6 x 9 in., 394 pp. 
Published by the McGraw-Hill Book 
Co., 330 W. 42 St., New York 36, 
N. Y. $8.50. 


This volume meets the need for sci- 
entifically sound methods of analyzing 
and predicting the structural weight of 
aircraft and missiles. Part I discusses 
methods by which the minimum weight 
can be determined for any material, 
and conditions of loading. These prin 
ciples of design for minimum weight 
are then utilized to derive weight equa 
tions for wing and fuselage structures, 
the subject matter of Part II. Part III 
includes reports prepared in the course 
of investigations of new materials and 
extreme operating conditions 


Complex Analysis by Lars V. Abl- 
fors, Professor of Mathematics, 
Harvard University, 6 x 9 in. 247 
bp. Published by the McGraw-Hill 
Book Co., 330 W. 42nd St., New 
York 36, N. Y., $5. 


A first year graduate text, this vol 
ume covers the elementary portion of 
the theory of functions of one complex 
variable. Designed primarily for the 
M.S. and Ph.D. student of mathematics 
as a foundation for further speciliza- 
tion, it also provides the complete cov 
erage and understanding necessary to 
the mathematician specializing in an 
other branch of the subject, to the 
theoretical physicist, and engineer 
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From CHEMICAL ENGINEERING 





The New Trends 
in Heat Exchangers 


* Shell and tube improvements 


* Extended surface exchangers 


* Developments in air cooled types 


* New corrosion resistance designs 


* Spiral and plate constructions 


JULIAN C. SMITH 


Professor of Chemical Engineering 
! f > 
Cornell University 


OPERATING TEMPERATURES and pres- 
sures of industrial equipment are be- 
coming higher; process fluids are more 
dangerous and more corrosive; various 
forms of energy cost more than they 
did a few years ago; the cost of skilled 
labor for maintenance has sky-rock- 
eted. Water is getting scarce, too, in 
certain parts of the country 

All of these factors have compli- 
cated the problems normally associated 
with heat transfer and added others 
that can be solved or minimized only 
by the use of new types of heat trans- 
fer equipment. Air-cooled units, evapo- 


Fig 1—Types of extended surface exchangers: 


rate coolers and extended-surface ex- 
changers of a variety of designs have 
into wide use. Air-cooled ex- 
changers have replaced water-cooled 
units in many parts of the country 
There has been a noticeable trend 
away from straight-tube exchangers 
toward spiral exchangers, plate ex 
changers and other non-tubular de- 
signs. Particularly clear is the trend 
toward plate units, which have high 
capacity at low cost. Their limiting 
factor seems to be pressure, for plate 
exchangers are not yet good for much 
above 250 psi. 


come 


Yet despite the new designs and 
techniques, conventional types continue 
to be satisfactory in many places. Shell 
and tube exchangers are still made in 


(a) segmented or discontinuous 


fins (Drayer-Hanson) ; (b) concentric radial fins (Modine); (c) internal longi- 


tudinal fins (Heat-X-Changer) ; 


(d) transverse fins extending across several 


tubes (Trane); and (e) transverse rippled fins (McQuay). 
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vast numbers and probably will con- 
tinue to be made especially as costs are 
reduced. 


Shell-and-Tube Improvement 


Extensive experience with shell-and 
tube exchangers has permitted manu 
facturers to standardize designs with- 
out loss of effectiveness. Several lines 
of small inexpensive mass-produced ex 
changers have been put on the market 
by companies such as Kewanee-Ross 
Bell and Gossett, and Patterson-Kelley 

Kewanee-Ross has developed meth 
ods of roller-expanding very small 
tubes, 14 and 3 in. in diameter, and 
supplies standard shell-and-tube units 
containing as little as 1.2 sq ft. Pfaud 
ler now offers a line of standard ex 
changers of stainless steel and other 
alloys. The Brown Fintube sectional 
exchanger is an extended-surface ex 
changer with standardized parts, de 
signed so that several banks can be 
easily dismantled 


plac ed 


rearranged or re 


Several companies make shell-and 
tube exchangers using hairpin tubes 
secured to a single tube-sheet. Thes 


units virtually eliminate leakage b 
tween the shell and tube fluids and 
since the tubes float at one end 
the problem of differential « 

They are widely 
ous water and oil heaters, often to he 


avoid 
xpansion 
used as instantan 

t 
cold viscous oils so that they may be 
pumped easily. To start cold oil flow 
ing, Davis makes a suction-bell heater 
with a single circular tube heated with 
steam or hot water; the heater is con 
nected with flexible lines to th 
suction and 

hole into the 


»um| 


| 


inserted through a man 


reservoir 
Special Tubular Exchangers 
Operating pressures of 35,000 psi ar 


almost as Common today as 1,000 ps 


was 20 years ago. To handle high 
pressures Griscom-Russell has devel 
oped the Type L breech-block head for 


shell-and-tube exchangers. The inner 
circumference of th: 
periphery of the cover have matching 
projections. When the cover is inserted 


and turned a few inches, 


head and the 


thesc pro 
rage each other and lock the 


Jections eng: 
cover in place Th 


load IS 


F3 


hydraulic 














DEVELOPMENT COMPANY 
Non-freeze air heaters Aerofin Corp., 410 S. Geddes St., Syracuse 
N.Y 
e ex gc A Reclaiming Cory 1270 
York 2 N.Y 
Sa y shell-ar t exchange Ar C 3080 Main St 
Sta shell-a be exchange Bell and G € C Me Grove, Ill 
The » F1 k heate sta Brown Fintube C 150 Huron St., Elyria, 
exchange Ohio 
Separable plate ex ge Cherry-Burrell Cory 427 W. Randolph 
St., Chicago 6, Ill 
Glas lers and ensers Corning Glass Works, Corning, N.Y 
S bell heaters elf-cle Davis Engineering Cor; 1064 E. Grand 
hangers St., Elizabeth 4, N.J 
G te t exchange Delanium Carbon Corp 18 E. 48th St., 
New York 17, N.Y 
Ser t ed t g Irayer-H ans I Box 215 Te al 
Annex, Los Angeles 54, Calif 
T exch ge F teel Metallurg C Nort C 
T- I 
Gla ed ex ge iscote P I )0 St Clair 
Ave Cleveland 7. O 
Monobolt ex gers H Grat Mfg. C I 415 Lexing 
s al exchange Ave New York 7, N.Y 
Be be self-cleaning heaters gh G ‘ Russe C Ma l Ohio 
e exchange 1 € exchar 
€ tubes 
C ex ge Heat-X-Changer C Ir Brewster, N.Y 
> ] € 1 e ex ge Kewanee-Ross Cory 1407 West Ave 
Buffalo 1 N.Y 
Plate | welde e ex ge Kold-Hold Mfg. C Lansing 4, Mich 
Pe ate te ex g A D. Little, I 30 Memorial Drive 
Cambridge 42, Mass 
Air bd di — Marley Co.. I 222 W. Gregory Blvd 
Kansas City 5, M 
Ripple-I € McQuay, I 622 Br vay S N.E 
Minnea Minr 
Spe t € € Modine Mfg. C R e, W 
e ex "T 
Karbate g e ex gt N Car! ( I 1 St. New 
Y ork N.Y 
I € € K Na al Rad ( F 42nd S 
g New York N.Y 
> x gt I t n-K elk ( F St id 
g, Pa 
€ ex ge } idler C Ww Ave Rocheste 
N.Y 
Braz« e ex ge T eC I ( e, W 
S € € Ienry Vog N C I € 
Ky 
H W alker-W' al € A S 
Buffalo 7, N.Y 
| H € g W ester Pre ( f W 
Ninth St, Los Angele Cal 
elt t ge Weste Su T Ok!a 
B bing Ww € e Tube D Ca et a Hecla 
I Ce Ave )€ 9), Mich 
} } Y h l ] f cteel 
1 ik l E S OF Steel 
holts it S S ss stecl 
g l k led Anotl Heat-X-( ger design it 
O , , str * th to 
£ e l D i R 
“ Lk n diameter, surrounded by a sleev 
th rious | ls S aluminum. The tube contains 
hang s S | linal internal fins. In the sleev« 
n whicl id S sa | containing water or other cool 
[s f ie. fluids. Units ] Although thes «changers wer 
ire s [ t Heat-X-Ch Í use in refrigeration sys 
F4 Product 
" 3 ` 


Engineering 


ms, they should be valuable in other 
applications where mixing of fluids 
cannot be tolerated 


Extended Surface Exchangers 


Use of extended surface is indicated 
where one film coefficient, because the 
fluid on that side is a gas or viscous 
liquid, is much lower than the coeffici- 
ent on the other side. In some recent 
designs fins are provided on both sides 
to increase the rate of heat transfer 
through both films 

There are two main types of fins 
transverse, often made by attaching a 
spiral strip to the tube; and longtudinal 
or radial. Continuous spiral fins have 
been available for 30 years and are 
still widely used, especially in air heat- 
ers. A new development in this field 
is the Aerofin non-freeze air heater, de- 
signed so that steam condensate can- 
not freeze in the exchanger. This is 
done by using a bayonet arrangement, 
with steam inlet and condensate out 
let at the same end of the coil. Con 
densate flowing to the outlet header is 
kept warm by contact with the inner 
tube carrying the incoming steam 

Other trends are toward interrupted 
fins or fins of special shapes, with tubes 
of unusual cross-section 
used. The McQuay 
changer, Fig 1, 


sometimes 
Ripple-Fin ex- 
contains staggered 
tubes and fins with rippled edges that 
increase the turbulence of the air. Dis 
continuous or segmental fins have been 
shown to give high rates of heat trans 
fer; they are used in exchangers sold 
by the Drayer-Hanson, In 

Transverse fins extending across sev- 
eral tubes in a bank are also available 
Tubes with unusual cross-sections are 
featured by Modine. Flat seamless 
tubes with corrugated outside fins, flat 
tened tubes with longitudinal internal 
fins and interrupted external fins, and 
streamlined tubes with flat fins are typi 
cal de signs 

Longitudinal fins are used when vis 
cous liquids must be handled or when 
a low pressure drop in a gas stream is 
desired. A typical design is the Gris 
com-Russell Twin G-Fin section, a 
compact standardized exchanger. Con- 
centric radial fins, fusion bonded out- 


side a small tube and inside a larger 


1 development of Modine 
Sometimes internal longitudinal fins 
are used, or both internal and external 
ns on the same tube. Such tubing is 
supplied by Modine and by Heat-X 
Changer 

The Brown Thermo-Flo heater is an 
idaption of longitudinally finned tub 
ing for heating viscous liquids in tanks 
It is a compact unit comprised of sev 


one AT 


ty 


eral parallel finned tubes 4 ft long 


t if 


connected to a manifold and mounted 
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vertically near the tank bottom. In largc 
tanks, several such heaters are used 
They give much more rapid and ef 
fective heating than do spiral coils of 
bare tubing and set up vigorous flow 
currents even in heavy oils 
Air Cooled Exchangers 

Air-cooled exchangers have found 
application for nearly all kinds of con- 
densing and cooling services. Typically, 
they consist of banks of finned tubes 
6rohee Mfg. Co carrying the hot fluid, across which air 
is blown at high velocities. Coolers oí 
this kind are made by Marley, Griscom 
Russell and several other manufac 
turers. They are bulky, but not un 
reasonably so. They are particularly 
applicable where the hot fluid is really 
hot, with a minimum temperature dif- 
ference between the air and the hot 
fluid of about 50 Fahrenheit 

Another use of air in process cooling 
is in evaporative cooling. It has long 
been known that in cascade or trom 
bone coolers some of the heat was re- 
moved through evaporation of water 
into the atmosphere, but only in the 
past few years has this effect been 
studied quantitatively. National Radia- 
Peer tor Co. has proved that evaporative 
MR cooling is highly useful with its stand 
ard cast-iron condensing and cooling 





Fig. 2—Spiral heat exchangers are available in tubular or plate constructions. sections, where water is expensive or 


| Advantages are low leakage and high heat transfer coefficients. very hard. In such a situation the water, 
treated if necessary, is recirculated, with 
only enough added to make up for th« 


relatively small amount lost through 


Fig. 3—Four types of plate exchangers. These units are relatively inexpensive, evaporation and splashing 
compact, and give high rates of heat transfer with little pressure drop. 


mmersion Heoter 





Garketed Aluminum 
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Spiral Exchangers 
Spiral exchangers consist of short 


vlindrical shells, with flat heads car 


ternal spiral passages. These passages 
f I 1 

} 1 

may be made 


spiral banks of tubes 
Tubes are used in the Graham 


Heliflow exchanger, Fig 2. Small units 


with spiral plates or with 


contain a single sp ral tube, held be- 
tween the head and the floor of the 
shell; larger units employ several spirals 
set tightly one above the other. One 
fluid flows inside the tubes, the other 
in the narrow channel between the 
ube banks. Flow is truly countercur- 
rent, and the chan of one fluid 
leaking into the other is almost nil 
Heat-transfer coefficients are high, 
with a somewhat larger pressure drop 
nside the spiral tubes than if they were 
straight: on the shell side the pressure 
drop is low because no baffles are 
needed The SI ral design also alk WS 
for differential expansion between the 


tubes and the shell. Standard exchang- 





ers will stand pressures up to 1,500 psi 
| 

on the tube s nd 600 psi on the 

hell l T} " g f 1 

Ssneli sid ney a maae in Sizes 

ranging [rom 0.5 to 108 square feet 


The Rosenblad exchanger ( American 


Heat Reclaiming Corp.) contains spiral 
I I 
passages formed by partitions ol metal 


plates In these exchangers one fluid 


enters through one head and leaves 
through the other; the second fluid 
nters and leaves through the wall of 
the casing. The edges of alternate 


hannels may be welded shut at the 


nds to eliminate leakage. Both spiral 
passages are ol T tal gul if Cross-Sec- 
ton af l flat walled, lead ng to very 
low pressure drops. Heat-transfer co 
Í S h gh 

Various des gens ar available tor 
liquid-liquid coolers, vertical surface 
ondensers and liquid heaters: a new 


design features a hinged cover and 
passages for quick easy cleaning 


Sizes range up to OO sq. ft. per unit 
l 


Plate Exchangers 





Under pressure to find ché aper ways 
of supplying heat-transfer surface 
many designers h turned away fron 
tubular exchangers. Sheets or plates ol 
metal, corrugated or embossed, are 
cheaper per square foot of surface than 
are tubes. The trick was to find ways of 
making plates into exchangers that 


would arry fluids under pressur with 


out leakage. One way is the spiral plate 


xchanger just described: other ways 
are to assen ble Sta ks OI plates Ww th 
gaskets between them and hold th« 
assembly in an external form: or to 
bond the plates permanently togeth 

at th lines of ontact to form leak 
proof channels. This last method has 


Fs 


been made possible through develop- 
ments in metal bonding techniques, es- 
pecially with brazed aluminum 

Plate exchangers, in addition to 
giving high rates of heat transfer with 
low pressure drop, are cheap to build 
and cheap to install. They contain much 
more heat-transfer surface per unit 
volume than do shell-and-tube ex- 
changers. A tubular exchanger typical- 
ly contains 25 to 50 sq. ft. per cu ft; 
plate exchangers provide 80 to as much 
as 450 sq. ft. per cu. ft. Units have 
been made to operate at —300 and 
+500 F., and under working pressures 
ip to 300 psi. It is claimed that these 
exchangers make economical tempera- 
ture approaches between process fluids 
of 5 to 10 deg F., where in earlier days 
the rule was 20 to 50 degrees 

Exchangers wth separable plates held 
under compresson are especally useful 
where complete cleaning is necessary 
An example of this type of exchanger 
is the Cherry-Burrell Superplate, with 
knobbed plates of stainless steel. A 
unit of this kind built to stand internal 
pressures of 120 psi has recently been 
announced by Walker-Wallace. Such 
exchangers can be rebuilt or extended 
with little expense 

An Arthur D. Little exchanger con- 
sists of a stack of thin perforated alu- 
minum plates alternated with gaskets 
of neoprene or other material which 
group the perforations into longitudin 
al channels. This exchanger was de 
signed for cooling large quantities of 
gas. Rates of heat transfer are high be- 
cause the gas passes through what is in 
effect a series of orifices; rc peated com- 
pression and expansion insure turbu 
lence even when the flow rate is low 
Recent designs of this exchanger in 
corporate brazed aluminum gaskets, or 
ridges pre ssed into thc pe rrorate d sheet 
and brazed to the sheet above 

Brazed aluminum is also used in the 
plate exchangers made by Trane and 
Modine. Trane uses corrugated plates, 
often with serrated patterns, in assem- 
blies that permit a single exchanger to 
handle as many as five fluids simul 
taneously. An interrupted passage gives 
higher rates of heat transfer for a 
given pressure drop than does a straight 
passage. Modine plate exchangers con 
tain strip fins or corrugated plates of 
various designs; channel fins, embossed 
and perforated to direct condensate 
flow, are used in solvent recovery 
equipment 

. À somewhat different plate exchang 
r is the Platecoil, made by Kold-Hold 
Mfg. Co. This is usually in the form 
of an immersion heater, designed to 


place coils of pipe in rectangular 

lectroplating tanks and pickling baths 
Platecoils consist of sheets of 16 gage 
Product 


metal, seam and spot-welded together 
and embossed to form transverse in 
ternal channels which carry the heat- 
transfer medium. The channels lead 
to standard pipe nipples 

The entire exchanger is a single light 
unit, weighing half as much and taking 
half the space of a bank of pipes of 
equal surface arca. It is mounted in a 
tank on two strap hangers that fit over 
the top of the tank wall, so that disas- 
sembly and removal for inspection and 
cleaning are easy 

Designs are supplied with widths 
from 12 to 22 in. and heat-transfer 
areas from 1 to 42 sq. ft. The all- 
welded construction means no threaded 
joints in the tank, also that initial costs 
are low. Platecoils are ordinarily sup 
plied in mild steel, Type 316 stainless 
steel and Monel 


Corrosion-Resistant Exchangers 

Bimetallic T ubi In many applica- 
tions of tubular exchangers the fluid 
on one side of the tubes has different 
corrosion characteristics than the fluid 
on the other side. To meet such con 
ditions, companies like the Wolverine 
Tube Div. of Calumet-Hecla Consoli 
dated Copper Company now furnish 
bimetallic tubes with an interior sur 
face of one metal and a skin of another 
Bimetallic finned tubing is also made 
by Griscom-Russell and others 


Tantalum Exch angers Some cor- 
rosive fluids are best handled in equip 
ment made of tantalum, Fig 4. Fansteel 
tantalum bayonet immersion heaters 
may be inserted through a nozzle into 
a glass-lined or ceramic vessel. Single 
tubes range up to 2 in. in diameter and 


7 ft. in length. Steam is admitted 
through a slotted internal feeder tube 
Tantalum shell-and-tube exchangers for 
handling liquids like hot chlorine solu 
tions are made in sizes to 188 sq. ft or 
more. Cooling coils for agitated glass 
lined vessels, double-pipe exchangers, 
and tantalum-sheathed electric immer 
sion heaters are also available 
Tantalum condensers consist of a 
large tapered tube of thin ribbed tan 
talum, set vertically with the small end 
down and packed with porcelain rings 
Cooling water or refrigerant flows 
through a steel jacket. Vapor enters the 
large top end, and condensate leaves 
from the bottom. The decreasing di 
ameter keeps the vapor velocity high 
so that heat-transfer rates as high as 
120,000 Btu/hr sq ft. are not unusual 


Graphite Exchange Impervious 
graphite is inert to most corrosive agents 
and has high thermal conductivity, a 
low coefficient of thermal expansion, 
and strength at high temperatures. Be 
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Vopor inlet 


- Condensote 


tlet 


Tantalum Condenser 





Fig 4—Tantalum, graphite and Delanium are usually reserved for use with ex- 
tremely corrosive fluids. Delanium, a dense form of carbon, is the principal 
material in the cubic exchanger shown here. 


cause of these properties it is used ex- 
tensively in heat-exchange equipment. 
Plate, bayonet, cascade and shell- and- 
tube exchangers of impervious graphite 
are all on the market 

Shell-and-tube units, such as those 
made by National Carbon, can be fur- 
nished in almost any size, although 
when graphite tube sheets are necessary 
it is not feasible to put more than about 
600 sq. ft of surface in a single unit 
Because of graphite s low coefficient of 
thermal expansion relative to that of 
the steel shell, floating heads must b: 
used; i.e. by a packed joint around a dis 
charge nozzle, a double-packed joint 
on the periphery of the floating tube 
sheet, or a flexible diaphragm between 
the shell and the floating head 

Small standard exchangers contain- 
ing seven 11^ in. O.D. tubes, with a 


working pressure of 50 psi. on both 
the tube and the shell sides, have found 
their place as heaters and coolers for 
nickel-plating solutions, coolers in the 
chlorination of alcohol, and similar 
applications. Graphite plate heaters 
withstand internal steam pressures of 
25 to 30 psi; they are particularly well 
suited for use in steel-pickling baths 


Cubic Exchangers—A new material 
of construction, Delanium, has been an 
nounced by the Delanium Carbon € orp 
Developed in England, Delanium is a 
very dense form of carbon made by 
heat-shrinking specially selected coals, 
followed by graphitizing. It has high 
compression strength, but like other 
graphite it is brittle and weak in ten 
sion 


To make the be st use of its prope rties. 
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exchangers made from it are of a novel 
design. They consist of a cube of Delan- 
ium 9 to 15 in. on a side, held in a 
metal casing. Rows of holes are drilled 
in one direction through the cubical 
block; between these rows, and at right 
angles, are other similar holes. The ex 
changer is two-pass with both streams 
Heating or cooling fluid enters through 
one head, passes through one set of 
holes, returns, and is discharged 
through metal pipes. The corrosive 
fluid follows a similar path through th« 
other set of holes, except that here the 
cover plates and fluid lines are also of 
Delanium 

Standard sizes contain 50 and 105 sq 
ft. of surface. Steam pressures up to 50 
psi can be used. 


Glass and Glass-Lined Exchanger 
In very recent years glass has beconx 
an accepted material of construction for 
many kinds of process equipment, in 
cluding heat exchangers. Cascade cool 
ers of standardized design, made by 
Corning Glass Works, are used for 
cooling corrosive solutions with a min- 
imum of cooling water. The tubes are 
10 ft. long with walls 1/16 in. thick 
they are used in double banks contain 
ing up to 24 tubes, 12 to a bank 

Despite the relatively low thermal 
conductivity of glass, the over-all co 
efficients of heat transfer are not small 
In tests of heat exchange between hot 
and cold water the coefficients ranged 
from 50 to 75 Btu/hr./sq. ft./de 
Fahrenheit 


Double-pipe exchangers 
surrounded by steel jackets—are also 
supplied by Corning. Double 
changers utilizing glass-line« 


pe ex 
pipe ar: 
made by Pfaudler and by Glascot: 


Where glass pipe can safely withstand 


I 
[ 


internal pressures of 50 psi. at most 
glass-lined pipe can stand several hun 
dred ps! 

Cascade coolers or glass lined P pi 
are also available, which give some 
what higher heat-transfer rates than do 
similar glass coolers, but they do not 
permit the operator to sec what is going 
on instde the pipx 

Glass-lined condensers are often of 
the tube-and-thimble type, containing 
two glass-coated water-cooled surfaces 
They range in area from approximate 


ly 9 to 160 square feet 


Pla Instead of using special 
materials, another approach has been 
with a 
resistant paint, as in the National 
Radiator Kolmetal process. This in 


volves a vinyl plast 


to coat the heat-transfer surface 


plus an aluminun 
paint, which reduces salt-water corro 
sion and prevents the growth of slim 
and algae on water-cooled surfaces 
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SLIDE TYPE 





Split Housing 








Reamed or Bored 


Housing Bronze Bushings 





GUIDE TYPE 


Cold Rolled, Turned and 
Polished, or Ground Shaft 


Cold Rolled, Turned 
and Polished, or 
Ground Shaft 


Hardened and Ground, or 
Chrome Plated Shaft 





Machines 


Split 


PROVISION FOR WEAR 


Turned and Polished, Ground, 








None Replace bushings 


CHARACTERISTICS 





or adjustment. 


W. A. S. DOUGLAS 
Northrop Aircraft, Ir 


ROUND BAI machine tool slides 


GUIDES on 
1 | ricted primarily to such applications where 
they are loaded 1S ( 


1 


olumns rather than beams; where torque 


s about th r ( ie guide, or about the center of 
several guides arranged in a circle; and where thrust is 
hrough the longitudinal axis of the guide or ram, or 
through the center of a circle of guides. If round bar 
guides ar be loaded as beams, they should be as short 
is possible, and as large in diameter as possible Bushings 


riding on round bar guides should be as long as 


sossible 


ngth should 


preferably approach the distan 


f 
on multiple t 


bars ar installations 


guide 


ration should also be given to the effects of wear 
ind methods provided to minimize or compensate for it 
The surrounding structure should be sufficiently rigid to 
restrain the rods and prevent deflections of the rod from 
distorting other parts of the machine, and vice versa 


Fs 


Positive lock-up eliminates 
play. Used for positioning 





Cheapest. Used where 
relative motion is infre- 
quent, or play between 
mating parts can be 
tolerated. 


Generally best compromise be- 
tween low cost and good per- 
formance where relative mo- 
tion is great, where play must 
be kept to a minimum, or sur- 
face speeds are high. 


Thought must also be given to the probable life expectancy 
and frequency of use of any given slide, as design require 
ments of a slide used once a day would be very different 
from a slide used several times a minute 

In the case of single round guides, they can be used as 
machine tool slides where the bars are used as columns, 
and where there is little motion between the guide and 
slide. A common application of this principle is in the 
olumns of drill presses and radial drills, where the single 
tubular column provides for vertical adjustment of the 
work head or table, and also allows for rotation about the 
vertical axis of the column, Fig. 1. Wear of both column 
ind bushing is negligible, and, as no relative motion is 
required during operation of the machine, simple split 
bushings can be used to lock the bushing to the column, 
liminating all play between the two elements 


This same principle has been used successfully on tool 
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l 
Hardened and Ground : Split Babbitted or 
Steel Bushings Split and Bolted Bronze Bushings Tapered Bronze Bushings 
zs Hardened and Ground Shaft! Turned and Polished, or Turned and Polished, or | Turned and Polished,Ground, 
io Ground Shaft Ground Shaft Hardened and Ground, or 
, Chrome Plated Shaft 
Replace bushings or shaft, or! Remove shims, hand Shim, hand scrape, or re- | Tighten bushings, replace 
both scrape. Often limited by place bushings bushings when worn out 
alignment considerations. 
sao. Good wearing qualities. Close | Used on heavy machinery | Used on heavy machinery | For precision equipment 
x fits. For high speeds and high | where relative motion is | where close fits must be | where close fits must be main- 
= loads. Generally restricted to | small and speeds slow. | maintained, where there is | tained at all times. Where 
uin shafts under 3 in. dia. Costs! Sometimes used as a lock- considerable relative mo- | speeds are high, or strokes 
ini. high unless quantities are up. tion or high linear speeds. | long. Expensive. Generally 


large, or stock bushings and not used on shafts under 174 
shafts are used. 


in. diameter. 


and cutter grinders. In one grinder the grinding head is 
attached to a stationary vertical column by a split bushing, 


where it can be raised and lowered or rotated about the 
column to any 


force applied should be through the longitudinal axis of 
the guide or as a torque about this axis 

A common example of this is the tailstock spindle of 
y desired position. In another machine the an engine lathe when used to drill a hole. Here the thrust 
grinding head is rigidly attached to the top of the vertical line i 


is down the center of the spindle, torque is around 
column, while the column itself can be moved up and down the center being resisted by a key and key way. The spindle 
and rotate in bushings in the machine base 


is loaded as a short column and a torsion bar and any defle 
tions from these will not cause the location of the tool 
horizontal position, they generally change their function relative to the work to change. When the 
from columns to beams, and in so doing become notably 


When round bar guides move from the vertical to the 


tailstock spindle 
is used as a support for the end of the work being machined 


less desirable than their dovetail counter parts. By their it loses its function as a column and becomes a beam 


very nature round bars can be supported only at their ends, function for which it is not best suited, as deflections will 
making them subject to deflections throughout their length, cause 
while the dovetail slide can be supported throughout its 
length by a base or beam sufficient to keep it rigid at all PI 


times. If round bar guides are to be used to their best housing as far as possible to reduce the overhang of the 
advantage, the reaction to the work being done, or the beam, and so reduce or eliminate deflections 


a change of position between the tool and work 
resulting in chatter and inaccurate work. When used in this 
function, the spindle is always retracted into its supporting 
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iN Revolving electric 
collector ring unit 


main -— 
panel! 
Section through 
[ column of 
Main line conduit - =- American 


radial drill 


-Column sieeve 


Patented combined 
” thrust and radial 
bali bearing. Far 
taking the weight 
ond radial thrust 





ex 


=> 


D 









Americar | Wor 
Fig. 1—The vertical round column of this radial drill is used for vertical adjustment only, the column itself being 


mounted on ball bearings to provide radial movement about the column center line. A cross-sectional view of the column 
is shown at left. 


Some Causes of Sticking or Locking of Slides on Multiple Round Bar Guides 





Beoring orea of slide too short 











Excessive deflection of guide bor 





bearing not relieved in center Clearance between guide and slide too great General lack of rigidity 
A1 umple is th n th idvai ich of tl nto the work to housing. Any cut that would load the 
( ind | Footburt single spindl rform their task. The tools are ar- ram as a beam, such as boring or knee 
t tic screw 1 une. H round nged in a cir ibout the longi tool work, is amply supported, as the 
S length linal axis of the ram so that their diameter of the ram is approximately 
g or bushing s of action is parallel to that axis the same as its maximum projection 
i t i s | sition has a key way which from the housing. which will make it a 
I gag ble key to line the very sturdy beam 
S 5 ng the tut tool up with the work and permit in Following the single round bar 
g ] ti lexing L. 4d l | ome multipl round guides 
“ E I | nantly columns. For xampl two 
I aea I XIS í n bars instead of a single box 
present vet l ter. Tor 5 f sted bv the kev. gives a solid support for the end of an 
k s ther w the ram in its arbor. Where they are used for adjust 
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ment only, they have the advantage over 
machined dovetails in lightness, with a 
consequent saving in material and fab- 
ricating cost, which is particularly no- 
ticeable in large machines that other- 
wise might require a massive cast iron 
column. On smaller machines the 
added precision machine work required 
to obtain  interchangeability of 
columns, bushings, work heads and 
column supports could easily offset the 
material savings. The advantage of two 
columns over the single columns men- 
tioned is obviously that rotation about 
the column is prevented. The disad- 
vantage on machines where adjustment 
is the only function of the column is 
the close tolerances required on par- 
allelism, and center to center distances 
of the columns and bushings 

Where the columns are used as 
guides on a machine where there is 
relative motion between the guide bars 
and bushings on the work head, other 
factors must be considered. Where 
there is relative motion, there is po- 
tential wear, and some means must be 
provided to compensate for it. The 
cheapest way to provide for wear from 
the standpoint of manufacturing econ- 
omy is with comparatively hard guide 
rods and soft bushings, such as steel 
rods and bronze bushings, so that the 
majority of wear will be on the bush- 
ings, which can be r« placed. 

The disadvantage of this is that 
from the minute the new machine is 
put into operation until the time the 
bushings are replaced, the machine is 
in the process of deteriorating, losing 
its efficiency with every stroke until it 
is rebuilt and then the cycle is re- 
peated. Better than this, from the op- 
erational standpoint, are tapered split 
bushings that can be adjusted for wear 
throughout the life of the bushing 
thus maintaining the accuracy of the 
machine for a long period of time. 
This type of bushing most nearly ap- 
proaches the adjustment feature of the 
dovetail slide. Another approach to 
the wear problem is the use of linear 
type ball bushings on hardened shafts. 
However, careful analysis must be 
made of the brinnelling effect of the 
balls on the shaft, which on heavily 
loaded machines might require exces- 
sively large shafts 

Multiple bars as guides in a hori- 
zontal plane are used as rails for mo- 
tors having variable or adjustable pitch 
sheaves, and some belt tightening 
Here no great degree of 
rigidity or accuracy of positioning is 
required. Low cost is essential and 
relative motion small 


dc vices. 


Guides of this 
kind are often neither hardened nor 
ground, and perform very satisfactorily 


Several threading machines are, or 
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have been manufactured with round 
bar guides. Here the problem of de- 
flection becomes very serious because 
it spoils the alignment of the tool and 
the work. Some of these machines 
carry the work on a vise or clamp 
attached to a carriage riding on the 
round bar guides, while the die head 
revolves on a spindle, presumably 
lined up with the work. When large 
pipes are threaded on these m achines, 
if they do not. deflect the guides from 
their weight alone, they are bound to 
do so because of the 21 foot lever arm 
of a full length of pipe, resulting in 
torn threads and broken dies. 

Another problem encountered on 
machines having multiple round guides 
is the tendency of the sliding element 
to “cock” between the guides. The 
greater the distance between the sup- 
ports, the slimmer the columns; and 
the shorter the length of the bushings, 
the greater this problem becomes. Best 
results will be obtained with long 
bushings, preferably equal in length to 
the distance between the guide rods, 
with the center of the 
lieved to clear the guide, 
two ends. 
excessive 


bushings re- 
except at its 
Failure to do this will cause 
friction; and should the 
guide rods bend due to an eccentric 
loading, the machine would jam 
Lengthening the bushings, of course, 
will increase the length between the 
guide rod supports for any given 
travel of the slide, thereby increasing 
the tendency of the guide rods to de- 
flect. Thus, a compromise must be ar- 
rived at between the various factors 
involv ed. 

A common and successful meum 
of vertical round bar guides used i 
pairs are the guide pins and bibis 
on punch press die shoes. Here the 
pins or bars are protected against ex- 
cessive deflection and "cocking" by 
the guides or ways on the punch press, 
which are generally some form of 
dovetail machined into a massive 
frame of cast iron or steel plate. The 
cost of maintaining the required close 
tolerances required on the pin guides 
of the die shoes is reduced to a mini 
mum because of the large volume of 
parts produced, thus justifying the best 
in tooling and production methods 
The arbor support is thus in line with 
the spindle and prevented from rotat- 
ing about the center line of the bar 

Another good example of vertical 
round bar guides is in the strain rods 
or side members of a hydraulic press 
In this case the bending of the guides 
is restricted by the fact that the rods are 
under a tension load during the work- 
ing stroke. Unless the bushings arc 
particularly long, trouble with cocking 
IS sometimes experienced, particularly 
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on two post presses. Care must be taken 
in setting dies in the press so that the 
center of resistance of the die is di- 
— under the ram of the press 
A prob em arises when this type of 
press is used with heated platens, such 
as in the plastics industry. The upper 
and the lower platens expand from 
the heat, while the header of the press 
does not, throwing the strain rods or 
guides out of parallel. This can lx 
controlled by heating the header, by 
allowing for lateral movement of the 
strain rods where they attach to the 
header, or by allowing sufficient clear 
ance between the guides and the bush 
ings of the movable platen to allow 
for the different center to center dis 
tances of the strain rods because of 
temperature differences of the two 
platens and the header of the press 
The first solution is the most satis 
factory, although it increases first cost, 
maintenance, and cost of operation 
Furthermore, if platen temperatures 
are high, they may adversely affect the 
life of hydraulic cylinder packing The 
second and most common solution is a 
good compromise, although it reduces 
the overall rigidity of the press. The 
third solution is least desirable in that 
it greatly increases the possibility 
of trouble from "cocking," movabk 
platen chatter, and mismatch of dies 
In spite of these problems, some of 
which are also found in dovetail 
guided presses, there is no cheaper way 
of building a press of this type, as can 
easily be seen by comparing the mat 
tial cost and machine work required 
on a round bar press guide, with th 
massive cast iron or steel columns with 
their machined ways that would b 
required in any variation of the do 
tail guide principal. Of 
cast iron or built up steel press would 
have a much longer life expectancy 


course, the 


It is essential in designing round 
them sufficiently 


bar guides to design 
large in diameter and short in length 


t 


to resist those forces, or place th 
guides in such a way that minor d 
flections do not change the relati 
position of the tool and work. Wher 
the forces involved are torque about 


spindle, and thrust through the spindl 


| 
center line, the best arrangement is 
place the guides equi-distant from th 


spindle on a horizontal line draws 


through the spindl nter-line, w 
the power source that moves th: 
riage as close to the center line of th 
spindle as poss ble Gul k r€ ds 


f 
horizontal 


position tend to wear much 
because of 
the weight of the carriage and the dirt 
and chips and may have to be replaced 


more often than similar rods in 


faster on the top surface 


vertical pi sition 


Fi 
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Tips for Designing Rubber | 


For economical production, parts should be designed for die cutting in preference to molding wher- 
ever possible. When selecting the method of fastening rubber parts to other components, the fol- 
lowing factors should be considered: hardness of rubber, operating loads, disassembly requirements, 
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Seal cemented 
-77 fo these surfaces 


Fig. 1—Holes and slots in molded Fig. 2—When it is necessary to seal Fig. 3—When the member is sub- 
parts requiring screws or studs are long peripheries and disassembly ject only to compression loads, soft 
generally preferred to threaded in- may be required, extruded soft rub- rubber items can be held to other 
serts because they eliminate the ber seals can be held in place ef- surfaces with adhesives described in 


need for cleaning the rubber from fectively with a locking strip, also 


Product Engineering, February 
the threads. 


made of rubber. 1952, pages 130-133. 





Preferred Not Recommended 





Fig. 6—Uniform sections will reduce adhesion failures 


where rubber is bonded to inserts and the assembly is and tear resistance of the rubber as well as the rigidity 


subjected to both axial and shear loads. They also of the metal retainer and applied loads. Molded holes 
facilitate molding and eliminate uneven shrinkages. 


Fig. 7—Space holes in accordance with the hardness 


are generally easiest and least expensive to produce. 
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(b) 


Better 





Fig. 11 —5mall and multiple inserts can increase costs 
as well as production problems. The single insert shown 
at the right is preferred to the two smaller inserts at left. 


Fig. 12—Coarse diamond knurl (a) is good for most 
cylindrical inserts. Straight serrations resist twisting but 
require shoulder (b) to keep from pulling out. 
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| Parts and Assemblies i 


fabricating equipment availability and production requirements. For additional information on 


the design and the properties of hard rubber parts see Product Engineering, February 1952, pages 
168-172. 





Feather 
A “edge 
p ——— 
, quet 
p L————' 
, Qu 
ÉD 
pem 
" C—O = 
Poor Good 
(b) 
ib- Fig. 4—Molded threads are usually limited to hard rubber items. Unless 
oft production requirements are high, they are expensive because of mold Fig. 5—To reduce adhesion failures 


iler costs and the curing time required. On female threads, (a), a recess about 


in general, all fillet radii should be 
in | 1/32 in. deep extending to the major thread dia will make assembly easier 
| 


generous and the rubber should 
overhang the edges of the inserts 
whenever possible. 


ry and prevent chipping. Male threads, (b), should start 1/32 in. from the 
end of the part. 





MSS 





^- 

2" Fig. 8—Select rubbers to take ad- Fig. 9—Projecting ends of inserts Fig. 10—Avoid holes or slots in two 

d vantage of elasticity to hold parts should be standard shapes to ease directions to cut production costs. It 
without fasteners or cement as well locating in mold. Thin or unsup- would be better to make this part in 
as provide leakproof seals. ported inserts may shift. two sections as per the dotted line. 
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>| [K -Undercut Mold aiin clog rin 


‘parting 
| line 
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pp re ee ed 


SS — — — — 


lip 


(o) (b) 
Fig. 14— Consider other molding problems. (a) Use 1/32 min. 
radius for edges or corners and avoid radii at the parting line. (b) 
Use draft of 1 degree minimum for surfaces that are molded 
perpendicular to the parting line. 


Fig. 13—Avoid undercuts that result in mold- 
»st ing difficulties. Size of undercut that will 
ut strip easily depends on the size of the part 
and the tvpe of rubber being used. 
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Deflection "-- Lofera! | 
2P : 
restraining force | 
20 | 
i I 
; ‘Flexure | 
Flexure ' pivot 
pivot / 
- Fig. 1 
Fig. 1—Arrangement allows structure to move freely Fig. 2—Suspension system in which flexure pivots 
in one direction. The pivots are loaded in compres- are loaded axially in tension other than compression. 
sion; the upper member being free to move in the The stiff members are in compression. This suspen- 
horizontal direction through a limited distance de- sion as well as the compression type may be designed 
pendent upon stress conditions in the pivot. Lateral to have zero restoring force or neutral stability under 
force 2Q, holds structure in deflected position, the a constant vertical force. Since the pivots are in ten- 
magnitude and direction being dependent upon the sion, they do not buckle as pivots loaded in com- 
load 2P and the stiffness of the flexure pivots under pression may under loads exceeding design condi- 
column loading. tions. 


7 Approximate center 
/ of rotation 


Fig. 3—This type of flexure pivot con- 
struction may be dictated by space re- 
quirements or those imposed by a mov- 
able wall as in a duct. The center of 
rotation of this pivot lies outside of the 
upper boundary of the structure. 





Flexure Pivots—Design 


Frictionless joints for force measuring systems and structures material be taken into account. The 
in which rotational freedom through a small displacement is Goodman diagram; Solderberg dia 
required. Moment, slope and deflection formulas for determin- gram, or similar fatigue criterion 
ing dimensions of pivots loaded in tension and in compression, should be used to account for the 
with a lateral restraining force and in neutral stability. effect of the steady stress upon the 
fatigue limit. Consideration should 
ARTHUR G. THORP, Il | llege textbooks in advanced also be given to the effect of stress 
neth of materials courses concentration at the ends of the flexurc 
Gon Gas Tut D Where axial forces are imposed on pivot with the provision that ample 

Vestit | t Cor the flexure pivot. the maximum stress fillets are to be employed 
the flexure pivot is the alge For simplicity, it is generally prefer 
WH N T f the average tensile or able to use identical flexure pivots at 
qi 1, flexur s provide a sit mpressive stress P/A imposed bv the ¢ach end of the stiff member, thus 
ple and durable method of hinging axial force and the maximum bending making L equal half the length of the 

structural parts together. In such pivot debes di F. a stiff member 

lefi t f rotat rs ; th f Formulas and equations ar eiven 
P/A Wire l i ) 
sult « lastic deformation 1 bea in the tabulation on pages F20 and 
For small deflect s. t nalvsis of If the flexure pivot is to be sub F21 for the solution of the cases most 
the flexure pivot is the sa that t to variable bending, it is impor- commonly met in practice. To simplify 
simpl 5 as 1 tant that the fatigue strength of the numerical work and to aid in visualiz 
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Fig. 4—Where the variation in vertical loading is 
large and it is desirable to approach as nearly as pos- 
sible the condition of neutral stability this arrange- 
ment may be use. With flexure pivots of negligible 
»w small deflections the restoring 
per member will balance the over- 
turning tendency of the lower member, and the 


spring force a 
tendency of the 


strueture will move in a plane. 


C., = moment constants 
E = modulus of elasticity, psi 
I — principal moment of inertia of flex- 
ure pivot cross section with respect 
to axis of bending, in.* 
k =< P/EL, in-!. 
l = length of flexure pivot, iv. 
L = length of stiff member, in 
M = bending moment, in. lb 
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Weight 


<= — Vertical flexure pivot 
to cariy weight of 
horizontal member 


= — — — - —— 


may be attached to the top of the bell crank to act as 
an inverted pendulum that counterbalances the spring 


restoring forces of the flexure pivot. 


NOMENCLATURE 


P = axial force, tension or compression, 
Ib 


Q = lateral force, lb 

R = distance locating center of rotation 
of flexure pivot, ia. 

x = distance along longitudinal axis, in. 

y = distance along transverse axis, in. 

8 — angle of rotation of stiff member, 
radians 


A = deflection at end of stiff member, 
in. : 

n - Poisson's ratio 

g = tensile or compressive stress in 
pivot, psi 

A - cross sectional area of flexure 
pivot, in.? 


Z = section modulus of flexure pivot, 
hs 
in. 


Formulas and Charts 


1g fects of th aifteret 


ibles, the curves shown in Figs. 6 to 14 


have been constructed to cover a rang 
suft r most problems The d 
en formulas given can be used 
)btait creased accur: f prol 
lems beyo he range of th ry 

No h the formulas which 
the coefficient & appears that varies 
is the square root of P, therefo 
these formulas are not linear with r 
spect to the axial force P. This non 
linear relation is typ! al for all bean 
olumn problems and complicates th 
analvsis when the axial load is va 
able, in which event care must b 
rcised to make sure tl th Os 
severe condition is d f ned 

The most common form of flexur 
pivot is à plat of rectangular cross 
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section. When the plate width g 
r than 3 times the plate length 
flexural rigidity 
EG 

should be used instead of E. For 

diate width to length "S, i 
onal accuracy of ilculatior 

ssary 

literature co ng th S 
ur OI beams 1d S 

The de lopn nt of th ICSI£ 
formulas for Cases 1 3, 4. 7 as 
$8 are for as el [ 
but may be applied t gut 
tions shown in Fig i | 
determining the length Z h 
of zero moment in the stiff member 
Note that if the two flexure pivots at 
each end of the stiff cont g 

Handbook 


Figs 
stiffness and | etn b Í 
nding i 
he stiff mber 
In d Iving 
oment M se f ( 
yr Cases ] is 
e end of th [ g 
he stiff nber was ited 
1 def s S 
Je at the en the flexu 
livided \ eth L « S 
ni 
CASE 1— SINGLE FLEXURE Pivo1 
STIFF MEMBER BOTH IN AXIAL TED 
SION WITH LATERAL RESTRAININ 
FORCE. Configuration similar to that 
of the upper pivot shown in Fig 
with a lateral rest ng Whi 





designing pivots of this type, the axial 
force P, the deflection , and the 
lengths and L are generally the 
prescribed conditions. It is 
sary, therefore, to design the 
flexure pivot to stay within 
stress limits at the point of max- 
imum moment, which in this case is 
the end moment M,. The 
Fig. 6 for C, give values of M,/P/ 
for this case as a function of the vari- 
ables b. l and L 


neces- 


safe 


curves in 


CASE 2—SINGLE FLEXURE PIVOT AND 


STIFF MEMBER BOTH IN AXIAL Com- 
PRESSION WITH LATERAL RESTRAIN- 


ING Force. Configuration similar to 
that shown in Fig. 1. When de- 
signing pivots of this type, the 
axial force P, the deflection 

and the lengths and L are 


generally the prescribed conditions. In 
this case, the point of maximum mo 





ment lies at the distance x from origin 
as defined by the equation given for 


(x/1) Minar below 
The curves in Fig for Cy give 
values of M,/PA for this case as a 


function of the variables £, / and L. 

The value of the coefficient C 
(Mmar/PA), is given in Fig. 8 as a 
function of £, / and L, to facilitate 
obtaining the value of the maximum 
bending moment M,,,,. Note that for 
values of &/ exceeding approximately 
2.2, the maximum bending moment 
rises rapidly with increasing &/ and 
approaches infinity at values of &/ 
slightly over m. Since k is proportional 
to the square root of P, a small increase 
in the axial load will cause large addi- 
tional bending moments at values of 
kl exceeding 2.2 and may lead to 
failure 

From the curves of Fig. 9 the rela- 
tion between //L and &/ that will pro- 


2maz’ 




























vide equal moments at each end of the 
flexure pivot can be determined. This 
should enable the designer to approach 
a design of minimum weight since the 
level of bending stress will be nearly 
constant throughout the length of the 
flexure pivot. 

The curve of Fig. 10 indicates the 
relation between //L and £/ when the 
end moment for this case becomes zero 
At values of £/ above the curve, the 
end moment reverses becoming nega- 
tive, thus the flexure pivot will have 
a point of reverse curvature. It is good 
practice to avoid values of &/ that will 
cause the end moment to be negative 
since the assembly acquires consider- 
ably more flexibility and has less re- 
sistance to incidental transverse forces. 


CASE 3—SINGLE FLEXURE Pivot 
WITH ZERO AXIAL FORCE AND WITH 
LATERAL RESTRAINING Force. Con- 
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hguration similar to that shown in Fig 
2 but where axial force in the flexure 
pivot ts zero 


CASE 4—SINGLE FLEXURE PIVOT IN 
TENSION, STIFF MEMBER IN COM- 
PRESSION, WITH LATERAL RESTRAIN- 
ING Force. Configuration similar to 
that shown in Fig. 2. From the curves 
shown in Fig. 11 for the coefficient C,, 
the value of the end moment for this 
case can be obtained. Note that below 
dashed line, values of C, also deter- 
mine maximum bending moment in 
the flexure pivot; but for values above 
this line, the maximum moment 
curs at the other end. Fig. 12 is con- 
structed for convenience in obtaining 
the maximum moment in the flexure 
pivot for region above dashed line of 
Fig. 11. 

The curves in Fig. 9 give the rela- 
tion between //L and kl that will pro 


Oc- 


vide equal moments at each end of the 
flexure pivot 


CASE 5 and 6—FLEXURE Pivoi 
WITHOUT STIFF MEMBER. Configura- 
tion similar to that shown in Fig. 3 


CASE 7—SINGLE FLEXURE PIVOT IN 
TENSION, STIFF MEMBER IN COM- 
PRESSION, Wiru No LATERAL RE- 


STRAINING FORCE. Configuration sim- 
ilar to that shown in Fig. 2 as de- 
signed for neutral stability, that is, in 
an application where the lateral re- 
straining force is zero. The curve 
in Fig. 13 for this case gives the rela- 
tions between &, / and L that provide 
neutral stability. Note that M,/P/A 
equals unity is the necessary condition 
for zero lateral force. Reference should 
be made to Fig. 12 to obtain the max- 
imum moment. 

The curve in Fig. 14 gives the vari- 


$ hee U 0 D 
Proportion d gted by 
^ Mo — Mmox 
ve ~ "PA ~ PE 
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ation in centers ol rotation for various 
values of &/ for this case. Note that as 
k increases the center of rotation moves 
away from the point of fixity 


CASE 8—SINGLE FLEXURE Pivot 
AND STIFF MEMBER BOTH IN COM- 
PRESSION, WITH No LATERAL RE- 


STRAINING FORCE. Configuration sim- 
ilar to that shown in Fig. 1 as 
signed for neutral stability. The curve 
in Fig. 13 for this case gives the rela 
tions between £, / and L that provide 
neutral stability. Note that M,/P/ 
equals unity is the necessary condition 
for zero lateral force. Reference should 
be made to Fig. 8 to obtain the max 
imum moment for this case 

The curve in Fig. 14 gives the vari- 
ation in centers of rotation for various 
values of &/ for this case. Note that as 
k increases the center of rotation moves 
toward the point of fixity 


de 
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Effect of Related Variables on Flexure Pivot Design 


Fig. 6—Chart for obtaining the value 
of the end moment Mo, Case 1, when 
the pivot and the stiff member are 
both in axial tension and a lateral 
restraining force is provided. 
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7—Chart for obtaining the value of the end mo- 


ment Mo, Case 2, when the pivot and the stiff member 
are both in axial compression and a lateral restrain- 


ing force is provided. 


Fig. 8—Chart for obtaining value of maximum moment, 
Case 2, when pivot and stiff member are both in axial 
compression and a lateral restraining force is provided 
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Fig. 9—Chart for showing the relations 
for Cases 2 and 4 for M, equal to M,, 
or that provide equal moments at 
each end of the flexure pivot. 
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Fig. 11—Chart for obtaining 
value of end moment, Case 4. 
Values below the dashed line also 
determine the maximum bending 
moment in the flexure pivot. For 
values above the dashed line, the 
maximum moment occurs at the 
other end, see Fig. 12. 











Fig. 10—Design conditions for Case 2 
to produce a zero end pivot moment. 
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Fig. 12—Chart for obtaining the 
maximum moment, Case 4, when 
the moment is at the deflected 
end of a flexure pivot. 


Fig. 13—Design relations, Cases 
7 and 8, that provide neutral 
stability or zero lateral force. 


Fig. 14—Chart for obtaining 
center of rotation, Cases 7 and 
8, for various design conditions. 
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Swaged Housin 
Ring Grooves 


to Retain 


B) 





Shoulde 


“Threaded ring 


‘tt 





(C) Swaged 


Axial Thrust Bearings 


Ring Design 


Design criteria for retaining bearings in housings by means of a lip roll swaged around 
circumference of the housing bore. Results of an investigation that included press swag- 
ing, friction spin swaging, and roll swaging both ductile and notch sensitive materials. 


AVERY 
Process Engineers, N 
PROMPTED BY THE NEED for valid 
sign data covering the effectiveness 


f different mi 


housings, th 


thods for retaining bear 


ings in 











subjected to axial thrust loads, a pro 
gram of tests and study 1 at 
lobe Aircraft has yielded much 
pertinent engineering information ass 
ited with the swaging methods of r 
taining bearings 

NI her space S ava lable LOT th 
application, snap-ring and screw ring 
constructions, Fig A) and (B) 
offer no serious design and production 


prob ems. The dimensional values and 
th« — properties such as yield 
tensile and shear strengths of the ma 


erials determine the 


F20 


retaining strength 


and A. G. 


of swaging met 


BRISACK 
p Aircraft, Inc 


of the construction. The program was 
limited, therefore, to the investigation 


hods that could be used 


where space is insufficient to install 
snap-rings and screw-in rings 
were conducted 


obtained on 


Tests from which 


data were 


ned by 


bearings re 


press swaging, friction spin 


swaging, and roll swaging. Thes 
lata indicate that press swaging and 
friction spin swaging are unsatisfac- 


bearings in any but 
materials such as 
75SO aluminum, and 
psi tensile strength or 


tory for retaining 
the more ductile 

{SO aluminum, 
steel of 125,000 


| 
less 


also indicated that the 
method, when 


These data 


roll swage housing 


grooves and rolling tools are properly 


proportioned, is reliable and practical 
for retaining 
rials, and in 


1 ductile mate 
brittle and 


bearings ir 
the 
notch sensitive materials 


more 


In exploring the possibilities of press 


swaging, housings of 165,000 psi ten- 


sile strength steel, 75ST aluminum, 
FS-1h magnesium wrought alloy, and 
an aluminum casting alloy were ma 


chined with a groove as shown in Fig 


2(A). With the simple press ty[x 
tools shown in Fig. 2(B) and a Uni 
versal testing machine, 1.750 in. diam 
eter bearings we swaged into the 


several housings 


Press swaging the ring of pre 


grooved around the bearing 
was successfully performed with hous 
annealed 


In housings of 75ST 


material 


ings of ductile steel and the 
aluminum alloys 


Product Engineering — 1954 Annual Handbook 


F MECHANICAL PARTS AND DESIGN ANALYSIS 


Fig.2 Direction of roading | ag Press swoge tool 


a ing , Bearing 
* 


Vd 


(A) 





(c) 


Fig. 2—Press swage process for retaining bearings 
in housings. (A) Machined groove in housing. (B) 
Press swage tool, housing and bearing. (C) Swaged 
housing ring ard bearing. Push-out loads were 
satisfactory. 


Fig. 3—Set-up for friction spin swaging using a 
drill press. Hard housing materials cut grooves 
in tool. 


Fig. 4—(A) Housing and tool relationship prior to 
roll swaging. (B) Housing ring and bearing after 
swaging. 


Fig. 5—Standardized dimensions and tolerances 
adopted for retaining bearings in housings by roll 
swaging. Table I relates data with specific metals. 















Direction of 
Fig.4 | applied lood 
ı angle 
i E=Width of swoged 
lip=(C-D) 72... 
S ^ 
Roll spin fool ^ om E ] NE CzBosic bearing diometer 
, 
30 deg. 60 deg; ; > hy. D=/nside diometer of 
Housing-~. ¢ of housing i [oy housing ring 
bore H after swaging 
4, 
Housing—~~ 
-== Bearing 
--CsBosic bearing 
diometer 4 
(A) F fo- Ring thickness (B) 
aluminum, FS-1h magnesium, and the in the groove area beneath the tool steel and 75S-T6 aluminum. On softer 
casting alloys, however, the ductility would be less than those when the materials such as 75SO aluminum 
was not sufficient to withstand the whole ring is pressed swaged FS-1 wrought magnesium and H-HT 
bending stresses induced by press Exploratory tests of spin Swaging, magnesium castings, spin Swaging was 
swaging at the root of the groove therefore, were next made. Using a complished satisfactorily except that 
lhe rings consequently cracked in these similar materials, bearings, and groove excessive galling occurred on the face 
areas design as those used in the press of the housing ring 
The push-out load results obtained swaging tests, housing rings were From the spin swaging tests, it was 
with press swaging were high for the swaged over bearings with a friction oncluded that | 
luctile materials, thus indicating that type tool, Fig. 3, mounted in a drill 1. A roller type swaging tool would 
swage retention would be applicable press be necessary to produce satisfactory 
for most retained bearings if a method Spin swaging was not satisfactory parts i 
satisfactory for all commonly used when tried using a friction tool. In —. 2. The tool face angle necessary for 
illoys could be developed stead of swaging the housing material optimum swaging conditions must b« 
Since only a small area of the groove over the bearing, the tool face, of determined 
s under pressure of the tool during hardness Rockwell C-61, was grooved 3. The limits must be determined 
spin swaging, it was surmised that by the stronger and harder materials for depth and width of ring groove 
spin swaging the bending stresses such as 165.000 psi tensile strength for angle of groove taper from top 
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Material 


Aluminum 
(75S-T6) 


Magnesium 
(FS-Ih) 


Steel* 
Al Casting 
(356-T6) 


Mg Casting 
(H-HT) 


Steel Casting 
(SAE 4130) 


J , A 
Yi ty 
Ushi, 
Vif, 


Housing 
PIII / 
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0.045 
0.025 


0.045 
0.025 


0.045 
0.025 


0.045 
0.025 


Chamfer 
Depth, 
B 


0.060 to 0.035 
0.034 or less 


0.060 to 0.035 
9.034 or less 


0.060 to 0.035 
0.034 or less 


0.060 to 0.035 
0.034 or less 


0.060 to 0.035 
0.034 or less 


0.060 to 0.035 
0.034 or less 


Table I—Design Data for Roll Swaging Process of Retaining Bearings 


Tolerances on dimension A for all materials are +-0.005 and —0.000 
For permissible reswaging, tolerances on dimension £ for all materials are +0.001 and —0.001 

For permanently installed bearings, tolerances on dimension E for all materials are +0.0025 and —0.000 
A tool face angle as shown in Fig. 5 is used with these design data 


Reswaging Permissible 





Permanently Installed 








Lip Design Load | Lip Design Load 
width, per in. of housing | width, per in. of housing 
E diameter, Ib E diameter, Ib 
0.005 690 0.0125 1730 
0.0035 660 0.0075 1410 
0.005 260 0.0125 650 
0.0075 520 
0.005 1020 0.0125 2540 
0.005 1270 0.0075 2040 
260 0.0125 650 
Retention not possible — 0.0075 520 
0.005 350 0.0125 860 
Retention not possible 0.0075 630 
0.0125! 


/ 
( Have not used to date 





* SAE 4130 (165,000 to 185,000 psi); SAE 4140 (185,000 to 200,000 psi) ; 


H= Basic bearing width 


M 





7» Housing width 


, 

‘ For chamfer depth B 

greater than O.Ol6 in., 
*0.0/0 

W*M7 0000 


For chomfer depth B 


less thon 0.0/6 in.; 
W=(H+0.070) -0.000 


Fig.5 


tigated to deter 


sts were made in which 


was varied fron 
these tests, cracking 
result of bending 
the less ductile 

SST aluminum and 
At 70 d g fac 
ural was insufi 
diameters 

fa ingle of 
g bore axis was 


) bottom. on 


parallel. Crack 
i k 


Product 


0.0075 ( Have not used to date 





SAE 4340 (200,000 to 220,000 psi). 


R=0015 diameter 





m 125 (min)--— c.bosic bearing 






Detoil (1) Bearing 


rials when parallel sides were used 
The optimum ring shape was one in 
which the groove sides tapered 30 
deg Irom top to root rorming a O0 
deg included angle 

Using this optimum tool face angk 
and this optimum ring shape, tests 
were then made using only 75ST 
aluminum in which the thickness / 
of ring, the depth A of the groove 
ind the width E of the swaged lip, 
Fig. 4, were varied to determine the 
optimum dimensional limits 

Since ring thicknesses in the range 
of 0.015 to 0.040 in. were found to 
be satisfactory physically and metal 
lurgically, a ring thickness of 0.020 


to 0.025 in. was selected as th opti 
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mum standard dimension for design 

A maximum groove depth of 0.050 
in. was consistently satisfactory metal- 
lurgically. An amount of rolling to 
swage a lip of 0.025 in. wide was satis- 
factory metallurgically and physically 
for the samples tested. Shear type 
swaged ring defects occurred when the 
width of the ring lip was increased be- 
yond 0.025 in. To give a safety factor 
to account for the limited number of 
tests and variation in materials, a value 
of 0.015 in. was set for the maximum 
amount of lip width 

Using the standardized dimensions 
and tolerances given in Figs. 4 and 5 
and Table I, several specimens each 
of SAE 4130 steel (165,000 psi), 
SAE 4340 steel (200,000 psi), 75S- 
T6 aluminum, FS-1h magnesium, SAI 
{130 cast steel (165,000 psi), 356-T6 
sand cast aluminum, and H-HT sand 
ast magnesium were rolled swaged 
over bearings ranging from 0.75 to 
3.50 in. dia. The retained bearings 
were then loaded axially and the 


failure loads of the swaged rings re 
corded 


In addition, a series of identical 
tests were run on 75S-T6 aluminum 
roll swaged housings to determine the 
variation in failure loads 

On the basis of these tests. a safe 
design load for roll swaged bearings 


was determined to b 


Design Load Failure Load/1.5 


It should be noted, however, in 
designing to the roll swage process 
that the manufacturer's rated thrust 
load for any bearing must first be 

onsidered and then the design load 


for the roll swage process. Whichever 





EET eT AIR Me je n mb E g WRIT RANT netem set 2 a 


is the lower load should be used fo: 
design 

After evaluating all tests, data were 
compiled from which the dimensions 
for design and fabrication as given in 
Table I and Figs. 4 and 5 were set up 
as being satisfactory for bearings re- 
tained by the roll swaging process 
Note that the design loads as given in 
Table I are pounds per inch of hous- 
ing diameter. The values given are 
applicable to any diameter of housing 
bore 

In making a complete metallurgical 
examination, roll swaged specimens 
for all conditions of the tests were 
examined for cracks, metallurgical de- 
fects and microstructure. On the ex- 
ploratory tests, cracking and shear 
defects were encountered as previously 
discussed. On all cracked rings, evi 
dences of a cold forged structure such 
as deformation bands were few, indi- 
cating that little forging and mostly 
bending had occurred 

Metallurgical examination of cross 
sections of roll swaged bearing hous 
ing rings that were made to the final 
standardized dimensions given in 
Table I show a sound  swaged 
(forged) microstructure free from 
cracking or other defects 

A typical cross section (35X) of a 
roll swaged housing ring, 0.050 in 
deep, is shown in Fig 6(A). This 
micro photograph reveals a satisfactory 
cold forged structure for permanently 
installed bearings i 

In Fig. 6(B), a typical cross section 
(50X) is shown of a roll swaged 


housing after the bearing was pushed 
out. This housing was machined to a 
ring depth of 0.0 





) 


5 in. This housing 
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is satisfactory for replacing the bear:ng 
and reswaging 

The 250X  micrograph of the 
swaged structure shown in Fig. 6(C), 
reveals extensive deformation banding 
These bands are too fine to be detected 
in the other lower power micrographs 

In Fig. 6(D) is shown a typical 
shear defect (35X) that occurred when 
the housing ring was swaged to a ring 
lip width greater than 0.025 inch 

Conclusions 

The roll swage method of retaining 
bearings is readily adaptable to pro 
duction on a vertical or horizontal 
mill. The set-up requires only onc 
tool and tool holder to cover all diam 
eters of bearings. For each LD. of 
bearing, however, a separate locating 
plug is needed to position the bearing 
and housing in the holding fixture 

After three years production experi 
ence, this process has been found to 
be highly satisfactory, with minor ex 
ceptions. Manufacturing difficulties 
were experienced in obtaining a con 
trolled amount of swaged lip. At 
present all parts incorporating the roll 
swage method are designed to allow 
replacement of the whole bearing unit 
rather than the bearing itself 

It is present practice to roll the lip 
over as far as possible by operator feel 
until excessive resistance is felt. This 
technique has been found satisfactory 
for all materials listed in Table I. In 
the initial production of some H-HTA 
casting parts with roll swaged bearing 
number of 
swaged rings cracked during swaging 
As a result, the use of H-HTA castings 
in roll swage app 


housings, an excessivc 


lications has been 
discontinued 


Fig. 6—Metallurgical characteristics of roll swaged sections of housing rings. (A) Typical structure for permanent in- 


stallation of bearings. (B) Typical structure 


after bearing push-out, which was found to be satisfactory for reswaging. (€) 


Deformation banding as a result of cold forging during swaging. (D) Shear defect that occurs with extreme swaging. 
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A New 









o 


= Modulus of torsion, psi 





a 
" 


Wire diameter, in. 
D = Mean coil dia at free height, in. 
D, = Outer coil dia at free height, in. 














H, = Active soild height, in. 

H; = Free height, in. 

H, = Actual soild height, in. 

N = Number of active coils 

N, = Total number of coils 

P = Spring load, Ib (Subscripts 1 and 2 refer to 
initial and final conditions, respectively). 

F = Deflection from H; to some height H 

C = Spring index = D/d 

S = Uncorrected max torsional stress, psi 

K = Stress concentration factor = 





4C — 1 0.615 

46-4 8 
S’ = Corrected max. torsional stress = KS 
i = Precompression factor 
s = Stroke of spring, in. 






















Table II—Tolerances for Diameter of 





Bar Stock 
Tolerance, in. 
Bar Diameter, in. (Plus or Minus) 


Over 5/16 to 7/16 inclusive 0.006 
Over 7/16 to 5/8 inclusive 0.007 
Over 5/8 to 7/8 inclusive 0.008 
Over 7/8 to 1 inclusive 0.009 
Over 1 to 1 1/8 inclusive | 0.010 


Over 1 1/8to 1 1/4 inclusive | 0.011 
Over 1 1/4 to 1 3/8 inclusive | 0.012 
Over 1 3/8 to 1 1/2 inclusive | 0.014 
Over 1 1/2 to 2 inclusive i 0.016 
i 
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Table I—Definitions of Spring Parameters 


proach to 


Compression 


CALCULATION PROBLEMS for helical compression springs 
are of two basic types, depending on whether or not the 
spring itself is given. Having the spring given means 
that five independent parameters are fixed. For example, 
referring to Table I for definitions, G, d, D, N and H, 
may be given. The remaining parameters and static char 
acteristics, that is, the loads and stresses at specific heights 
then can be found readily by using the conventional 
load-deflection rate Rpy, stress-deflection rate Rg», and/or 


the load-stress rate Rps, wher 


rm yos eas ox)" | 


This type of problem, however, is not the onc usually 


encountered. More often, the designer must select a 


spring to satisfy given space and load requirements 


Table Il—Wire Diameter Tolerances 



















Tolerance, in. 
Wire Diameter, in. (Plus or Minus) 
Music wire "Up to 0.026 0.0003 — 
0.027 to 0.063 0.0005 
ead 0.064 to 0.250 0.001 
Carbon steel wire, Up to 0.075 0.001 
hard drawn or oil 0.076 to 0.375 0.002 
F tempered 0.376 and larger 0.003 
Valve spring quality Up to 0.148 0.001 
and alloy steel wire 0.149 to 0.177 0.0015 


0.178 to 0.375 


1952 SAE Handbook 
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Fig. 1—Sketch of typical compression 
spring that works over a rod and in 
a hole. Symbols used in this drawing 
are defined in Table I. 


Spring Design 


Usually he will be given the following data: 


(a) Spring material, its modulus of 
torsion, G. 

(b) Diameter of the spring hole, Dror» with the rod 
diameter, D,,4, to be Y en Mme In some few cases 
D,,, rather than Drote, or both, may be prescribed. 

(c) Initial height, H, 

(d) Final height, H, 

(e) Some load requirement, P,. This may be the initial 
load P,, the final load Ps, or the average load P if the 
static energy capacity of the spring between heights H, 
and H, is fixed. 


characterized by 


With this type of problem, Eqs (1) — (4) are not in 
convenient form since most of the given parameters, a-e, 
do not appear as independent variables. Also, the given 
initial conditions can be satisfied by an infinite number 
of springs and the designer must select from these the 
one that is best for his application. Normally, this can 
only be done by trial-and-error techniques, which are tedious 
at best. These indirect approaches can be avoided, however, 
by making the following estimates: 


(1) Select the outer diameter of the spring, D,, as close 
as possible to the hole diameter, D,,;,, considering manu- 
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K. W. MAIER 
Springfield Armory 


(Now with Northrop Aircraft, 


Inc.) 


facturing tolerances (Tables II-V) and the diametral in- 
crease that occurs during compression. In most cases, 
D, — 0.96 D,,;, is a good choice. 


(2) Select the active solid height H, as pos- 
sible to the final height, H,, considering the height of 
dead coils, Table VI, and manufacturing tolerances. For 
long springs, N > 50, and applications where longitudinal 
space must be used to maximum advantage, H, = Nd - 
0.90 H, is recommended. With springs having a small 
number of coils and squared ends, the ratio H,/H» should 
be 0:80, or less. 


as close 


The effect of these estimates is to modify the initial 


conditions to the following: 


(a’) Torsion modulus, G 
(b') Outer diameter, D, 

(c’) Active solid height, Ha 
(d') s=H,— H: 

(e’) Specified load 


These modified requirements can still be satisfied by 
an infinite number of springs, since they are equivalent to 
only four independent parameters. Thus, another can be 
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c- 


Load, P 





o 


4 Stroke s ~~ 


, 
E He for i= > 


Height of Spring, H 


Fig. 2—Plot of spring load vs height for P; given showing 
various springs possible with different values of i factor. 


hosen at will to define precisely one spring. It has proved 
practical to introduce the remaining variable, the ratio 


Py Initial deflection 
8 stroke 


This precompression factor, 7, is not 


spring alone, 
gc the r 


parameter of the 
but of the spring and working range to- 
Therefore, using the modified requirements a’-e’ 
a value of 7, precisely defines the spring. For 

designates the one possible spring which 
has an initial deflection equal to zero. Similarly, 7 1 is 
the one satisfactory spring with 
to the stroke 


and selecting 
example, 7 


in initial deflection equal 


Selecting the Optimum Spring 
Sj 


lin 


nce 7 is a factor of performance as well as of the spring 
its value should normally be 
ide maximum life 
proved that this 
the final 
fore, the 


nsions, selected 


to pro 


Extensive sinusoidal testing has 
from initial stress $, to 

value of S, alone. There 
variation of $, and $5 with ; must be analyzed 


favorable value of precompression factor 


involves the range 
$5 as well as the 


to find the most 


M dified I rmtula for $} 

If the loading is constant, or as usually happens, it is 
"-— such low velocity of the moving end that the 
ntire defle ction is shared equally by all active coils at 
any one time, the stress deflection rate Rg, is constant and 
the initial stress can be expressed as follows 

F 
N NS b 
I b 
Substituting s H F, into I q (6 
N N 1 
] 


M di ihe d I 
In Eq (2), the 
G, d, D, N and F 
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rmüla f ? S 


stress $ is expressed as a function of 


It is more desirable, howev 


er, to use 


Stress, S 





0 05 1.0 M5 
Precormmpression Factor, i = a 


Fig. 3—Effect of precompression ratio on initial and final 
stresses Sı, S: and wire diameter d, for initial load P. given. 


the modified parameters G, D, Ha s, P, and the precom- 
pression factor. To simplify the analysis the mean coil 
diameter D rather than D. is assumed to be given. 

From Eqs (1), and (2) $, can be expressed a 


í "o P. 0.4 F 06 
^ 0.731 G95 N 
D? Ha 


(8) will vary with the prescribed load P», 
three possible conditions will be discussed separately. 


Since Eq 


Case I Initial Load Given 
3 E wit l 
mubstituting f SS a "i +t sani 
F» Fı 
i — Fi/s into Eq (8), 


is : P, 0.4 0.6 l } ) 
S,=0.731 G6 9 
D? Ha (04 


This equation shows the variation of $5 with precom 
pression factor. Holding parameters G, D, H,, s and P, 
constant, the load is plotted in Fig. 2 against the height 
for several possible springs. 

The curves of Fig. 3, show how the initial stress (Eq 7), 
final stress (Eq 9) and wire diameter d vary with values of 
i from zero to two. These curves indicate three things: 
(1) of all springs that satisfy the initial requirements, the 
2/3 gives the minimum final stress 


one with 7 2 
P, 0.4 R 0.6 
Somin = 1.483 G4 = 
( D? ) ( £1 


However, this minimum is not pronounced; springs with 
i from 0.5 to 1.0 have stresses that are equal to Somia fOr all 
practical purposes. (2) The initial stress increases rapidly 
with increasing values of 7, but the stress range 5,— 5. 
decreases. (3) As ; increases, the wire diameter decreases. 
Thus the allowable design stress increases because of the 
greater torsional strength of thinner wire. The 
concentration factor K also decreases as / increases because 


stress 
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Stress, S ——»- 


Precompression Factor, i» 4 


Fig. 4—Effect of i on S, and S: is shown for P: given by 


solid curves and for P given by dotted curves. 


of the larger index, resulting in a lower corrected stress 

To these three observations are added the fact that D, 
rather than D is normally given and there probably will be 
a slight set during operation. Taking D, as constant, as it 
should normally be, shifts the S, curve slightly to the right 

It is concluded that springs with ; 1.0 will give the 
best stress distribution, and thus the maximum life for 
static conditions. However, all springs in the range of 
0.5 to 1.5 can be considered satisfactory. 


Case II Final Load P, Given 
Rewriting Eq (8) to include the precompression factor, 
with P, given, the final stress is 


seme UE ye on 
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Using this equation and Eq (7), the solid curves 
in Fig. 4 show the stresses $, and $, versus ; for this type 
of load specification. From these curves, it is seen that 
among all the possible springs, the one with ; — O gives 


the minimum final stress. It is 
P. 0.4 8 0.6 
Semin = 0.731 Gos = ) ) 11 
D? H, 
that as 7 


Furthermore, it is seen the initial 
stress as well as the final stress increases, with the range 
stress (S,-S,) decreasing only slightly. For example, with 
i — 0.5, an initial deflection half as large as the stroke, 
the final stress is already 27 percent larger than the mini. 
mum value. Thus, when the final load P, is given, it is 
desirable to keep ; as small as possible to get maximum 
life. In practice, 0-0.3 is a favorable working range 


increases, 


Case III Mean Load Given 


As in the two previous cases, the equation for S, is modi- 
fied. Substituting 

. PitP: _ : 

P , Fo Fi 


9 


P 0.4 : 06 
S — L| [ s: | [ 


The dotted curves in Fig. 4 show S, and S, versus ; as 
derived from Eqs (7) and (12). From these, it appears 
that again 7; — 0 gives the minimum final stress: 


> 0.4 0.6 
Semin oss c^ E : ) 13 
D? He 


Since the stress range again decreases but slightly as ; 
increases, it is recommended that the precompression factor 
be kept as small as possible. The maximum value for 
most applications should be 0.5 since this corresponds to 
an increase in final stress of 15 percent above the minimum 

Having selected a proper value for ;, the next step is to 
determine the dimensions Z2, D, N and H, of the selected 
spring from the given data, G, D,, Ha s, P and ;. There 
are several methods of calculation that can be used 
However, to save time and effort, it can also be done 
graphically. This has the added advantage of showing the 
relationship between spring values, for all possible springs 


i into Eq (8), 


] 4i x 
0.5--1)9.4 L 


+s, and F 


Table VI—Effect of End Conditions on Height and Number of Coils 







N: e N 
H, = 101 d(N: + )) 
H./H, = 0.99 —1/N 


Ni = N + 1 
H,- 101 4 N, 
H./H, = 0.99 —1/N 








Ends squared and ground 


ANNAM 


N: = N +2 
H, = 1.01 d(N, — 0.5) 
H./H, = 0.99 — 1.5/N 





Ni=N+2 
H, = 1.01 d( N, 4 1) 
H,/H, — 0.99 — 3/N 
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Design Chart 


Introducing D,, H, and C into the basic formulas by 


1 


using the relationships 


D, d+ D 
He Nd 
( D/d 


transforms Eqs (1) and (2) into the following form: 


P G F l ) 14 
D, g H, (3 (C -- 1» 
; P l 
S : l ) ( : ) 15 
T H, e" 


The ratios F/H, and P/D,? which appear in these for- 
mulas have natural meanings and are given special desig- 
nations. The ratio of deflection to active solid height, 
F/H, is defined as "specific deflection." The ratio of 
load to square of the outside diameter, P/D,? is called 
"specific load." The latter can be thought of as the 
flow of load through the cross section of an area equal 
to D,? in magnitude. 

For any deflection and load combination, the correspond- 
ing values of F/H, and P/D,? can be found since H, and 
D, are included in the modified parameters a’-e’. Therefore, 
Eqs (14) and (15) represent a system of formulas with 
only five variables, G, C, F/H,, P/D,? and S; when any 
three of these are given or assumed, the remaining two are 
fixed. Fig. 5 which is a graphical solution for these two 
equations can thus be used to complete the design. 


Description of Chart 


The chart is divided into two related parts. In the lower 
diagram, G is the ordinate and specific deflection F/H, 
is the abscissa. In the upper chart the ordinate and 
abscissa’ are stress $ and spring index C, respectively. The 
P/D,* relationship is represented by a family of slightly 
curved lines inclined at approximately 55 degrees. The 
family of straight lines extending over both diagrams with 
an inclination of iS deg represents constant values of 
a factor that is a function of both F/H, and G. The 
proper value of F/H, can be read at the intersection of 
these sloping lines with the corresponding G-line in the 
lower diagram. Thus, this family of curves serves as a 
means of going from the lower to the upper graph or 
vice versa 

Each spring is represented in the chart by two lines 
the horizontal G-/ine in the lower diagram, and the verti- 
cal C-Jise in the upper one. This relationship, however, 
is not reversible. A given combination of lines does not 
represent one spring alone, but actually an infinite num- 
ber of them with various combinations of outer diameter, 
active solid height, and free height. The usual procedure 
for using the charts consists of locating a given value of 
specific deflection within the lower diagram, following it 
vertically to the G-/ize, then along the —45 deg lines into 
the upper diagram. The intersection of this sloping line 
with the appropriate value of P/D,? gives the magnitude of 
the stress and the spring index. The remaining data can 
then be calculated readily. This procedure can be used for 
both of the basic types of calculation problems—with or 
without the spring itself given 
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EXAMPLE: Considering an example of Case I, thàt is, 
P, given, the following initial requirements are assumed 


c 


G = 11.5 X 10° psi 


Disie = 1.25 in. 
H: — 5.5 in. 
H, = 11.5 in 


P, = 72 lb. 
Converting these into the modified requirements: 


G = 115 x 10° psi 


D 0.96 D rote 1.20 in. 
H, 0.90 He 5.0 in. 
S Hy He 11.5-5.5 6.0 in 
P, = 72 lb. 
Selecting ; — 1, 
Fs 1+i)s 12 
2.4 
Ha Ha 5 


P. ww» Pi ) (ou) 
ral > > 100 psi 
D? i D, l 1.27 


Following the procedure outlined previously, these two 
values are used to locate point X on the design chart 
Projecting this point it is found that: 

( 7.70 
Se 148,000 psi 


The other required values can be calculated: 


D 1.20 
d z 0.138 in. 
C+] 8.7 
D D ] — 1.20-0.138 1.062 in 
5.0 3 á 
\ H,/d 36.2 active coils See Table VI to 
0.138 


get actual number of coils). 
Rpr P/F P/F = 72/6 12 Ib /in 

Fı mg 6 in. 

H H; -- Fi 11.5 + 6.0 17.5 in 


The same general procedure applies where Pa or P is 
given. The only difference being that F,/H, and P,/D,? 
will probably be calculated on the basis of ; — 0. In any 
case, it may be desirable to evaluate the effects of small 
variations in 7 from the three values elected as ideal for 
each type of load specification. This can be done by finding 
new X points. See heavy line on upper chart. Alternately 
a transparent indicator like Fig. 6 gives the path of 
point X for the family of springs defined by the range of 
; values shown. To use the indicator, one X point is 
located as outlined previously, and the corresponding ; 
values on the indicator and chart superimposed. The indi- 
cator is adjusted so that the / scale is parallel to the S-scale 
on the chart. 

For most applications, the accuracy resulting from these 
graphical techniques are adequate. However, when prepar 
ing the final specifications and drawings, it is preferable 
to use Eq (4) to accurately calculate the rate and loads 


\ 


XAo-Curve 


for P given 


. X5-Curve 


yvern 


0 05 i 
Precornpression Factor, i = 
Fig. 6—Transparent indicator. Curve for P: given is not 


shown since it coincides with the line P./D.* — constant. 
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en eee CA MMUMMNNMENMME oo 
: A s 
| Unusual Uses for ion 
: proj 
: that 
HELICAL WIRE SPRINGS * 
$ SPRING BELTING (left). For low SEN 
: power transmission at high speeds. R———ZZ u — 
: Allows a certain amount of varia- OT | sprii 
: tion in the center distance and ab- — 
: sorbs inertia forces. Spring ends = 
: can be joined smoothly by using a SUIT» o 
; smaller internal spring as shown on Ll] ; 

Í the following page. k N a abie 
: ELECTRICAL FITTING (right). i 

: An inexpensive lamp or fuse socket = 
: which insures proper contact even he 
s when subject to moderate vibration. P 

: mall threaded parts also can be mmm T> 2 
: joined in this n uu rA mS to 





seeeeeeesecesseses SESTERRRATATATARATATARATATAASSSSETSAWTATSATAAZSRERRRRAATARZTARTRRRRRAWTRRRTARERURARARRARRTARRTARWRATATRRRATARTRWATRATATRFAKFRRRRARTAOSSRARATARTRAWRATWRATWARRTRRARTVATATERAFTRRATARRRRRRATATSARSFTATWATZATVWATATATAT7A — 


SCREW THREAD INSERTS (left). 





: à : : FLI 
Wire with diamond cross section. ing 
For tapped holes in light alloys and om 
plastics. Are made of stainless steel un 
for corrosion-free threads. Can be ed 

s used to renew worn-out tapped y dle 

: threads. Ha WB 

Tm | 

: ROTATING TYPE OIL SEAL Uj r l 

: (right). Uses helical wire spring to (ri 

: exert a radial force on the packing. ing 

: Friction is kept to a minimum and thor 

: efficiency is high even at high shaft Cai 
speeds. m 

— —————————————— 








I a 

: A : : : E 
: ^ in the a direction, but turns freely on the shaft when lil 
: v LE pulled in the opposite or b direction. sí 
s 

: m 
: 

: 

; 

: 

; 

s 

: FLEXIBLE SHAFT. Inner springs serves as shaft, outer 

. " - . . . + . . . . ` 
: WORM GEARING. Used on low power transmissions. one as a casing. For single direction of rotation unless S 
: Allows a certain amount of misalignment between worm shaft consists of two or more springs wound in opposite vi 
: and wheel. Wheels are best made from laminated plastics. directions. a 
: 

; 

SRRRRRRERRRRRRARARARURARRRRARRRRRRRRRRRRRRRURARRRARRRRRRRRRRTARRARRRTUSSRRRARARTARARARARRARAARTYAWRTWRRRLARRRATARRYKRIARSRARORTARREESESRRERESRESSRRTERRRRTZ7WATATARARARRRRRRRRSRSSEEPTSESES! spooni 
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A selection of practical applications that are characterized by the func- 

tions served in each case by the helical wire spring. The spring rate 

property is put to use in most cases, but not in the axial loading sense 
~ that represents the more common applications for which these types of 
JS springs are employed in industrial products, 


HAIM MURRO 
Bayonne, N. J 


Iesessosoooniposssosssossossssossssnossssssssossosssossnsesnesssosssesssesososossesusesssosossssssssssssessnossosssssssesessasssss s sosssesssnsosssassesosasossssssssssssssssssassssssses 


SENSITIVE STICK (left). Round 
conductor bar is mounted within a 
spring fastened to insulators to 
serve as an electrical switch. Deflect- 
ing the spring laterally completes 
the circuit. Can operate relays or 
alarm and can be made with inter- 
mediate insulators where consider- 
able length is required. 


Insulators 
^ 





I 


THREAD MEASURING’ GAGE 
(right). Dimension d allows calcu- 
lating the effective dia of thread. 
3 Pressing the loops releases the bolt 


l 
I 
I 
I 
I 
I 
I 
i 
I 
I 
I 
' 
I 
I 





to be unscrewed. Can be used on 
fluted parts like thread taps. 







LLLITITIIITS 
WAAARREARRERESREATARERTATESEESE17SUSESESESESEREERESEEREARATATATATATATRRSRERRERTRATEREARARATIUOSRRRARSEREREATATATATATWATAUAGRREMERTARESEREROSRRRESRIDARATEATRRRSESEESTTEESSERIRSARESEOSESESEEESTATTSSSET 


FLEXIBLE CHUTE (left). For feed- 


ing small articles from hoppers to 


automatic machines. Spring can be 
wound in different shapes as re- 
quired by the articles being han- 
dled. 

TUBING REINFORCEMENT 


(right). Gives plastice or rubber tub- 
ing added rigidity as well as protec- 
tion against mechanical damage. 
Can be cast inside rubber as shown 
in lower sketch. 








— ELECTRICAL CONNECTION for small, light products SMALL SPRING connects ends of larger spring with a 
— like hearing aids uses a special probe that is easily in- thread-like action. Useful where external projection can- 
serted between coils of spring which is a conducting not be tolerated, like the spring-belting on opposite page. 
material. 
LI 
outer d . > : 
nless SHIELD FOR ELECTRICAL WIRE AND CABLE. Pro- SMALL DIAMETER SHAFT COUPLINGS. Allows for 
osite vides wear resistant covering for wires and protection some misalignment and can be used with shafts or un- 


against physical damage. equal diameters. For single direction of rotation only. 


FITIIIIIII 
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Thirteen Ways to Use | 


( 


Sketches serve two purposes: (1) Illustrate unique as well as typical applications; 





pressure 





: E ' 
c | > Applied 



















: LJ 

: FIG 3 

z FIG 1 — 1d — ; ; 

: METERING DEVICE. Dispensing 

: ACTUATE GAGES and switches. FLOW CONTROL. Variations in machines can use bellows as con- I 
: Pressures can be as high as 2,000 pressure adjust needle in flow valve. stant or variable displacement pamp t 
: psi. Maximum value should exist Also shows how bellows can be pack- to measure and deliver predeter- l 
: when the bellows is near free-length. less seals for valve stems and shafts. mined amounts of liquids. t 
: INI. —— 

: A 

= Movernent 

: Y 

s FIG 7 

: FIG 6 

: ———— FLEXIBLE CONNECTOR. Suitable for wide range of applications from in- 

: ABSORB EXPANSION OF FLUIDS OR struments to jet engines and large piping. Bellows absorb movement caused 

: GASES. Transformer (above) uses bel- by thermal expansion, isolate vibration and noise as well as permit mis- 

: lows to absorb increases in volume of alignment of mating elements. Wide variety of sizes and materials are now 

s oil caused by thermal expansion. Single possible. Units are now in use from !4 to 72 inches in diameter, made 

° controls of this type can operate from from such materials as brass, phosphor bronze, beryllium copper and 

: 70 to 250 F or from 0 to 650 F. stainless steel. 

: Lm 

: Evacuated 

: | » ds FIG 11 = Pressure 

: UUW T2 

: J 4 

: " 

: eecct ^ 

s { \ | 

: -— | \ \ \ \ 

: | || V | 

: coocoo 

: VVU 

: LLL FIG 10 PRESSURE MOTOR. Similar to Fig. 2. 

: PRESSURE COMPENSATOR. Effect of ambient pressure can be eliminated Bellows used instead of piston and 

: in a pressure measuring system by matching the area of a pressure bellows cylinder arrangement. Eliminates ef- 

: with that of an aneroid and combining the two into a single assembly. fects of leakage and friction. Long 

: Errors caused by ambient pressure can be held to a max of one percent. stroke can be provided with sensitive 

: Present materials permit aneroid operation from —70 to 450 F. response, 
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se Metallic Bellows 


(2) Show how the movement of bellows can be transferred to other elements. 


E. PERRY CUMMING 


Bridgeport Thermostat Division 
Robertshaw-Fulton Controls Company 


ions; | 


i 
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— 

sit FIG 4 

r ae FLEXIBLE COUPLING. Bellows can transmit torque HERMETIC SWITCH. Bellows provide a gas tight 
pump through oblique shafts with negligible amount of back- flexible member through which motion can be trans- 
deter- lash or can be used to transmit circular motion through mitted into a sealed assembly. Flexibility and long life 


the wall of a sealed container as shown above. 





are important characteristics of these elements. 








| y : 

FIG 9 3 Ce : 

-— SEALED ADJUSTMENT. Accurately calibrated adjust- VAPOR PRESSURE THERMOSTAT. Small dia bellows : 

ned ments inside sealed instruments are possible by means of offer large movement over a relatively small, adjustable : 

mis- single or compound threads. To meet varied installation temperature range. Can be filled so as to be unaffected : 

sends requirements, bellows are available with ends prepared by over-runs in temperature. Compensation for changes : 

nade for ring or disk end plates of standard or special design. in ambient temperature is unnecessary whether this ; 

onal These plates are fastened by brazing or welding tech- temperature is above or below the value selected for con- : 

niques. trol purposes. : 

""*"*"*s"*""*uu"" s 

Actuating bellow Khali : 

a= Icohuahng 2 LL. - 

re = bs e i ü : 

ex M mi ey Opp : 

4H S = z —À— 4 s 

N s 3 

H | 4 s 

A bulb and w : 

bellon i ie $ 

Uer B Actuating b : 

= D= —À : 

d f FIG 15 . 

: FIG 12 2ccccr] DOs —c11 Puce: ` 

Fig. 2. i pu : j s 

n and TIME DELAY MECHANISM. A check AMBIENT TEMPERATURE COMPENSATION. Two methods are shown. 
ies ef- valve and proper size bleed hole be- The left one uses two bellows in the actuating system. One is driven by the 
Long tween two liquid filled bellows allows compensating assembly and correctly positions the actuating bellows as 

nsitive fast motion in one direction and slow ambient temperature changes. The other method uses a floating lever whose : 

motion in the other direction. mid-point is positioned by both the actuatirg and compensating bellows. : 


|assesasssssaa]| 99 9992225422489883198-82ARRARRRERRRARARARARTRRARARRRRARARARARERASERERRRRRRRARRRRRRATERRERERTRRERRARRRLSRERSSRRERESRRARERTRRERRARRRRRRRRRRRRARAREDIRARRERERRRRRTAWMATAWRATRTATATRRSSETATA 
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Developments to Watch 


NYLON GEARS AND BEARINGS 

. . . Nylon parts have come a long 
way in a few years and present indica- 
tions are that they have a bright future 
Design engineers are learning that 
nylon is more rugged and capable oí 
transmitting much more power than 
they previously realized. In fact, tests 
have proved that in some applications, 
it out-performs and outlasts any other 
material— plastic or metal 

When using nylon for load carrying 
members failure is gov- 
erned by: basic soundness of the ap 
plication; proper design; and good 
molding techniques. The molding 
technique was the reason for early 


Success or 


failures of nylon bearing races. Re 
search into the techniques of molding 
has solved many of the problems, mak- 
ing nylon races as sound as metal. 
The primary reason for using ny 
lon parts are their lower costs, inherent 
lubricity, excellent wear 
and abrasion and/or excellent coef- 
ficient of friction. The most outstand 
ing property for heavy duty applica 
i However with 


resistance to 


tuons 1S its resilience 


parts such as gears, use of this plastic 
may be justified because of its ability 
to absorb vibration, reduce noise and 


operati with a minimum amount ol 


lubrication 


Many bearing applications arc made 


} 


use nylon can operate indefinitely 


without a lubricant if designed proper 
1 


ly. Several installations are now oper 


ating at 20,000 rpm with only a film 
of light oil at the time of assembly to 
reduce the wear rat« during the break- 
in period. In service, nylon gears and 
bearings do not fail from abrasive 
wear but from excessive loads or tem 


peratures 


FLEXIBLE COUPLINGS. 
use in 
ther 


For 
onnecting metal tubing where 

is vibration, minor tube move 

mechanical 


shoc A 
} 


gs appear to be an answer 


ment or flexible 
They 
ially useful for fuel, oil 
line that 

high engine speeds, 
and exc¢ 


couplin 
should be es pec 


ind hydrauli 


connections 
nust withstand 


great shock 


Research on tubing failure resulting 


SSIVC V ibration 





from vibration indicates that most 
failures occur by fracture at the point 
onnection The se fractures in al 

ost very nstan« are found to be 

used by either fatigue of the metal 

illization resulting from con 

ration and shock or to distor 

tion of the tube in fabrication of th 


joint 
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Features claimed for the fittings are: 
joints almost indestructible by vibra- 
tion and will withstand considerable 
mechanical shock; eliminates the need 
for more expensive flexible hose lines; 
can be used with seamless and seamed 
tubing; and can be connected and dis- 
connected repeatedly without danger 
of leakage. 

Some flexible couplings incorporate 
a sleeve of special composition elastic 
sealing material to effect a seal and 
form a cushion between tubing and fit- 
ting. The sleeve permits the tube to 
flex back and forth in the fitting at the 
same time assuring a positive pressure- 
tight seal. 

The sleeve used in the flexible joint 
is suitable for use with most liquids 
and including gasoline, oil, 
grease, vacuum air and 
water. Its temperature range is from 
sub zero to 250 F. The joints are for 
low and medium pressure applications 
up to 1,600 Ib per sq inch. 


gases, 


diesel fuel, 


BALL BEARINGS... Until recent- 
ly bearings were available in two pro- 
duction types, commercial and pre- 
cision. Now a third production type 
has been added, a two point ground 
commercial ball bearing. The need for 
this third type has long been realized 
especially in the automotive industry 
where overdesign or borderline design 
results in many installations through 
use of a precision or commercial 
bearing 

The two point ground commercial 
can be used where overdesign has re- 
sulted through use of precision type 
bearings and borderline design through 
use of ground commercials. Cost of the 
new units will lie between the two 
older types. They will be available in a 
wide range of types and sizes 

Changes in the arrangement of balls 
consist of providing 2-point, 3-point or 
í-point mounting. In a bearing with 
two points of contact, there are only 
two points on each ball that are in con- 
tact with the race. A 3-point contact 
bearing is the standard, with a single 
contact either the inner race 
or outer race and double contact points 
on the 


point at 


inner race 
Four points of contact are used only 


opposite outer or 
when extreme rigidity is mecessary and 
when the best anti-friction operation is 
importance 

Schatz Bearing Company, Pough- 
kec psic 


of secondan 


New York, is presently sup 


plying two point ground bearings to 
several automobile manufacturers. 


Product 


MINIATURE BALL BEARINGS. 
. . . One type of bearing that has come 
into its own within the last few years 
is the miniature ball bearing with bores 
down to 0.025 inch and outside diam- 
eters as small as 0.100 inch. Maximum 
bore for these bearings is about 3 inch. 
Above this, the bearing is considered 
a standard unit. Some manufacturers 
of miniature units are: Miniature Pre- 
cision Bearing Inc., Keene, New Hamp- 
shire, New Hampshire Ball Bearing, 
Landis and Gyr, New York City, Mar- 
lin-Rockwell Corp., Jamestown, N. Y., 
Norma-Hoffman Bearing Corp., Stam- 
ford, Conn., and New Departure Div., 
Bristol, Conn. 

Reasons for the advancement and 
development of these components are 
two: (1) dev elopment of the ball point 
pen industry which made available pre- 
cision bearings at very low cost; (2) 
the increasing interest in the develop- 
ment of precision control devices, in- 
struments and similar components 

The present day emphasis on minia- 
turization of assemblies to bring about 
compact, lightweight designs raises the 
need for efficient and reliable minia- 
ture components. Small bearings permit 
minimum space and weight with all 
the advantages of a ball bearing's anti- 
friction quality. For a given load and 
for minimum friction torque, minia- 
ture bearings offer certain advantages 
in the design of precision products. Be 
cause of their small size with high load 
capacity, greater speed with lower in- 
ertia forces is possible. These advan- 
tages together with the savings in 
weight, space and friction make these 
bearings an important factor in the de- 
sign of precision mechanisms 

At the present time, these bearings 
are produced mainly with precision 
ground and honed races. There are as 
yet, no industry standards on size, bore, 
breakout or running torque or other 
factors. Low commercial bear- 
ings are not being manufactured in the 
miniature range although some units of 
this type have been made in Switzer 
land. 

Precision ball bearings serve the 
same purpose in fine, delicate mech- 
anisms as do larger precision anti-fric 
tion bearings in more massive equip 
ment. They permit accurate alignment, 
long wear and freedom from servic 
ing. They are used in instruments in 


cost 


continuous operation such as the 
drive movements of recorders, time 
locks, barometers, valves, metering 


devices, and in military gear 
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Their use for commercial products 
should broaden rapidly especially as 
costs are lowered. 


AIRCRAFT BEARINGS. ... A new 
aircraft bearing has been developed by 
Fafnir Bearing Co. that is claimed to 
have a capacity about 21/, times that of 
previous types. This means that a 
smaller, lighter bearing than formerly 
required can be used to carry a given 
load. 

The unit is a double row width, self 
aligning, roller type bearing. The roll- 
ers are barrel shaped. The added ca- 
pacity of the bearing despite their 
smaller size and lighter weight is 
caused by the larger roller to race con- 
tact on both inner and outer races and 
close-fitting inner ring side flanges that 
keep the rollers in precise alignment. 
Other features cited for this bearing 
are: 

* Self-aligning that permits a mis- 
alignment of 10 deg in either direction 

e Hardened back up rings act as 
positive stops at point of maximum 
misalignment 

* Extended length of inner ring be- 
yond outer ring face eliminates need 
for spacers 

The new bearings are interchange- 
able with the present double row self 
aligning units, however, their current 
cost is higher. Quantity production 
should bring costs in line with present 
units. 


RATING CONTROL BEARINGS 

A completely new approach to 
the problem of rating aircraft control 
bearings for any particular applica- 
tion has been advanced and recom- 
mended to industry. This new rating 
system is said to simulate more closely 
actual operating conditions than previ- 
ous methods. 

Control bearings are usually selected 
on the basis of the non-brinell load 
Values that were less than the non- 
brinell value for any bearing were con- 
sidered safe and that brinelling or de- 
formation of the bearing did not exist 
Recent investigations indicate that there 
is a definite deformation even at non 
brinelling loads 

The new method of selecting bear- 
ings is based upon the static loading. It 
was determined that static loading con- 
siderably in excess of the old non 
brinell loads could be applied without 
affecting the smooth operation or life 
endurance under normal loads and os 
cillatory motion encountered in air 
frame applications. The non-brinell 
system ignores the importance of bear- 
ing life under normal operating loads 

Life requirements vary greatly in 
different airplanes and in different lo- 
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cations in any one airplane. The old 
system made no distinction among the 
variety of uses for a particular bearing. 
In many instances, this resulted in add- 
ed weight and expense since the avail- 
able capacity or life of thee bearings 
was seldom fully used. The new system 
incorporates load-life data to permit se- 
lection of the smallest bearing that will 
operate under the normal loading for 
a desired life. 

New ratings were developed as the 
result of three years of intensive re- 
search and careful testing through a 
joint effort by the Bureau of Aeronau- 
tics, United States Air Force, National 
Aircraft Standards Committee and the 
Anti-Friction Bearing Manufacturers 
Association. 


SHEET METAL GEARS. .. . Con- 
siderable interest is being displayed in 
the development of large, laminated 
sheet metal parts as gears, sprockets, 
levers and hand wheels as replacement 
for forged and cast units. Several com- 
panies are presently building equip- 
ment using sheet metal parts at an 
overall cost reduction of 20-25 percent 

In the manufacture of sheet metal 
gears for example, the gear is formed 
in a single operation by stamping. In 
some instances the gear teeth can be 
shaved. The 54 in. thick stamped sheets 
are then spot welded together, a cen- 
ter shaft hole punched and a standard 
hub welded to the gear. 

Gear diameters range to a maximum 
of about 10 in. and any size standard 
hub may be joined to the gear depend. 
ing upon the shaft diameter. Maximum 
gear thickness is about 114 in. 

At the present time about 100 rpm 
is the maximum speed that can be used 
without excessive gear chatter or mis- 
alignment. Of necessity, gear tooth 
loadings must be kept low. However, 
many machines meet these require- 
ments, such as packaging units, and a 
substantial cost reduction is possible 
without reducing machine operation or 
service life 


SILICONE PUTTY. Silicone 
has been making news for years in one 
form or another. The latest develop- 
ments are a slip clutch and a flexible 
coupling that use the unusual silicone 
material which is plastic and free-flow- 
ing at low stress but shatters like glass 
with sudden forces. 

The basic princ iple of these develop- 
ments is that the putty will shear under 
a sudden force but will flow together 
again when the force is relieved. The 
slip clutch is designed to prevent over 
load and shocks, for starting heavy 
loads, for absorbing torsional shaft vi 
brations and for delivering impulse 
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free power. The flexible coupling is 
designed to compensate for both angu- 
lar and offset misalignment. The sepa- 
rate function of both the slip clutch 
and the flexible coupling can be com- 
bined into a single unit | 

In operation when the driving shaft 
of the slip clutch starts to rotate, the 
initial torque shears the putty. Almost 
instantly, however, the silicone flows to- 
gether and starts to rotate the driven 
shaft. This process of shearing and re- 
forming continues until both shafts 
are rotating at the same speed. By ad- 
justing the pressure on the putty, it 
can be made to shear at any load, above 
which it will not have sufficient ad. 
hesion to drive. At the same time, the 
silicone will absorb torsional vibrations 
and sudden impulses 

The operation of the flexible cou- 
pling is very similar, except that means 
are provided to compensate for the 
misalignment by displacing the soft 
silicone putty. 


TRIANGULAR SHAFTS. ... U.S 
designers are discovering that triangu- 
lar shafts offer a way to get rid of 
keys or splines when attaching mechan- 
ical components like pulleys, sheaves, 
etc., to shafts. Instead, the component 
with a mating three-sided bore can be 
slid on the shaft and held in place by 
an ordinary retaining ring. There ap- 
pears to be widespread possibilities for 
such shafts in the machine tool, auto- 
motive and aircraft industries 

Triangular shafts are not new to 
European particularly in 
Germany where the K-profile (fore 
runner of the triangular shape) has 
been studied for about 15 years. Previ- 
ously the main objection to such shafts 
was machining both for the shaft and 
the mating bore. Apparently most of 
the fabrication problems have been 
solved with the development of the 
Manurhin Polygon Grinder (Product 
Engineering, June 1953, p. 155). This 
machine can turn out the triangular 
shaft and grind a triangular internal 
bore on the same center 

There are several reasons why tri 
angular shafts are being 
closely. Production costs, compared to 
a keyed shaft, can be reduced consid 
erably by eliminating slot milling 
ope rations. Also there’s a maintenance 
saving involved; it's easier to 
and change a component held in plac 
by a retaining ring than to have to 
work a key out 

On« 
answered soon: Can triangular shafts 
carry the torque and load as well as a 


engineers, 


studied so 


remove 


design question may be 


keyed circular shaft. Analysis programs 
at Curtis Wright Aeronautical Corpora 
tion, Wright Field, Caterpillar Tractor 
Company should supply the data 
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SH OCK » VIBRATI E vanune m bees 


application of equipment for isolating shock, vi- 


bration and noise. This pictorial index of Barry 
N E W 5 products will help you find what you wont. 


NEW ALL-METL VIBRATION ISOLATORS NEW UNIT VIBRATION ISOLATOR 


Types M44 and M64 .. . have non- i Type 915 . . . to isolate vibra- 
packing, wire-mesh damper; meet tion and noise caused by high- 
latest Government specifications i speed motors, motor-generator 
for airborne electronic equip- j sets, and rotating machinery; 
ment; ruggedized; light weight, t S load ratings to 200 pounds. 
operate over wide temperature n Ii ASK FOR BULLETIN 532 
range ASK FOR BULLETIN 53 LÀ 


AIR-DAMPED VIBRATION ISOLATORS for VERY LIGHT LOADS 


Types 780( JAN#2),770( JAN#1), 20 € 
and 6475 (Miniaturized) i Small, rubber, vibration isola- 
to protect airborne equipment; tors for light-duty, low-cost 
meet latest Gov't specifications service; load ratings from 2 
give maximum protection under 3 ounces to 9 pounds. 


normal service conditions f ASK FOR CATALOG 504-B 
ASK FOR CATALOG 523-A 


RACKS and MOUNTING BASES SHOCK MOUNTINGS — CUP TYPE 


To meet dimensional and 

material requirements of To 
JAN-C-172; also special 
sizes to fit customer's 
needs built with ALI 
MeTL or Air-DAMPED unit 
Barrymounts 

ASK FOR CATALOG 523-A 


absorb high-impact shocks; 
equal stiffness in all digections; 
self-captivating metal parts; steel 
or aluminum shells; load ratings 
to 1800 pounds. 

ASK FOR CATALOG 504-B 


INSTRUMENT MOUNTINGS SHOCK MOUNTINGS — PLATE TYPE 


Particularly suited to mount 
Type 990 . a general-purpose, | mobile communications equip- 
low-cost vibration isolator that is ment, shipboard equipment, and 
particularly good for protecting a in vehicular use where shock pro 
laboratory and industrial instru tection and high stability of 
ments. ASK FOR CATALOG 504-B mounted equipment are required. 


ASK FOR CATALOG 504-B 


SHOCK-TESTING MACHINES COMPLETE ENGINEERING SERVICE 


* Application engineering — Our Field Engineering 
service gives you the full benefit of the widest practical 
experience, backed by complete testing and develop- 
ment laboratory facilities. 


Development engineering — When a totally new 
design is needed, our engineers can analyze your prob- 
ud x ; 3 z - A lem and develop an isolating system to solve it 
development et eer nd | Consulting engineering — Barry engineers can set up 
quality rol work and carry out scientifically designed tests to learn how 
ASK FOR BULLETINS 533 and 535. E shock and vibration affect your products, can tell you 
how to protect your equipment, and can help you solve 
a variety of problems in shock and vibration. 


THE BARRY CORPORATION T pieasant st., WATERTOWN 72, MASS. 


Let the nearest Barry representative help you in every phase of your shock, vibration, and noise problems. 


ATLANTA v 
a E. ee , DETROIT HEW GNÓLAND PHILADELPHIA ST. LOUIS WASHINGTON 


Ken Randall Co Marris-Monson Co E. R. Hitchcock 


BALTIMORE DALLAS LOS ANGELES Lexington. Mass PHOENIX 


School Associates, Inc 


S. bia E Aaii SAN FRANCISCO CANADA 
Ken Rondo o Com Soles Co E. V. Roberts & Associates NEW YORK CITY ener ssociotes c y Roberts & Associates Samvel C. Hooker 
E ne n Representative Associate ROCHESTER, N Y A ; Bover 
CHICAGO DAYTON MINNEAPOLI —M — Arthur C. Manson SEATTLE Toronto 
Bovmon & Bivzot ngineering Co Fred B. H > Great Neck, t N.Y S. P. Scanlon Ron Merritt Co Empire 4-2578 
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CONTAIN NO OIL et 


GRAPHALLOY consists essentially of graphite and metal. 
The GRAPHALLOY process was patented forty years ago 
and the name GRAPHALLOY has been the copyrighted 
trademark since that time. While GRAPHALLOY has been 
manufactured by this Corporation for the past forty years, 
recent developments have added materially to its proper- 
ties. New grades are being developed. Babbitt, Copper, 
Bronze, Silver, and Cadmium GRAPHALLOY are provided 
regularly, and other grades are employed in special situa- 
tions. All applications are carefully engineered to your 
design requirements, and all parts are accurately finished. 


FOR DRY APPLICATIONS 
WHERE OIL CANNOT BE USED 


l. Extremely heavy duty, low speed machinery, particu- 
larly with vibration, where oil or grease lubricants would 
squeeze out. 


2. Medium speed, medium duty bearings where lubrication 


is impossible, impracticable, or where oiling schedules are 
generally neglected; or where lint and dust would be drawn 
into oil-lubricated bushings, with consequent abrasion of 
bushing and of shaft. 


3. At low temperature where oil would solidify, at high 
temperature where oil would volatilize, or where oil would 
contaminate the product. 


SUBMERGED APPLICATIONS 


l. Pump bushings and seal rings submerged in water, sea 
water, gasoline, acids, dyes, or food products. (GRAPH- 
ALLOY is inherently stable—no swelling due to submersion. ) 


2. High speed applications under special conditions. 


Pillow Blocks with 
GRAPHALLOY Bushings 


can be supplied in most stand- 


ard sizes F ment 


Request Data Sheet 163 


© Metal-backed GRAPH- 
ALLOY Bushings are 
available for applications where 
press-fitted bushings are not 
practicable. In most instances, 
a set screw or keyway must be 
used to hold the bushing in 
place. 


Hanger-mounted bearings 
available for attach- 


structure. 


for your 


“TOUGH” 


bearing 
requirements 


TYPICAL GRAPHALLOY 
APPLICATIONS 


MR Ovens, Kilns, Driers, Stokers, 
Conveyors and Turbine Safety Bushings. 


AT MEDIUM TEMPERATURES Bushings for Instruments, for 


Textile, Printing, Food and Dairy Machinery, Pump Bush- 
ings,and Vanes. Inaccessible Bushings as in blowers and 
fans. Foot and Guide Bearings, Thrust Washers, Cam Rol- 
lers, Piston Rings, Friction Discs, Seal Rings, Rotary Joints. 


AT LOW TEMPERATURES Oxygen Pumps, Potentiometers, 


Timers, Outdoor Signal Equipment and Airborne Servo- 
mechanisms. 


OTHER GRAPHALLOY PRODUCTS 
BRUSHES CONTACTS For applications requiring low elec- 
also available. 


trical noise, low and constant contact 
drop, high current density and mini- 

mum wear. Used for SELSYNS, 

DYNAMOTORS, SYNCHROS, RO- 

TATING STRAIN GAGE pick-ups 

and many other applications. Brush 

c Holders and Coin Silver Slip Rings 

Trademark Reg. U.S. Pat. O. 

wv SPECIAL BUSHINGS - 


a9 
: 


GRAPHALLOY Bushings 
with square or rectangu- 
lar external dimensions can be 
provided for special housings. 


Request Data Sheet 217 


machine frame or 


This type of metal-backed o Bushings grooved for split- 


bushing is used where 
there is insufficient length, as in 
spider type construction. halves. 


ting are supplied where 
bushings must be installed in 


Send for descriptive literature and Bushing Inquiry Form 107A. Our broad application expenence is available to solve your problem. 


GRAPHITE METALLIZING CORPORATION 


1018 NEPPERHAN AVE. 
YONKERS, N. Y. 
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Retainer 


BEARING B 


Ro 
R1 
R1-4 
R1-5 
R2-5 
R2 


Retainer Extra Light 


R133 
R144 
R155 
R156 
R166 
R168 
R188 
R613M 


3/64-.0469 
-0550 
5/64-.0781 
3/32-.0937 
1/8-.1250 
1/8-.1250 


8-.1250 
32-.1562 
3/16-.1875 
3/16-.1875 
1/4-.2500 
1/4-.2500 
6mm. 


5/32-.1562 
3/16-.1875 
1/4-.2500 
5/16-.3125 
5/16-.3125 
3/8-.3750 


3/16-.1875 
1/4-.2500 
5/16-.3125 
5/16-.3125 
3/8-.3750 
3/8-.3150 
1/2-.5000 
13mm. 


aly Flanged Retainer 


E — | FRI 
| | FR1-4 
FRI-5 
FR2-5 
FR155 
FR156 
FR166 
FR188 


SH Flang 


-— 


F13 
= F14 
F15 
F154 
F155 
F156 


Full 


.0550 
5/64-.0781 
3/32-.0937 


ed Full 


.0550 
5/64-.0781 
3/32- na 
1/8-.125 
5/32-. 1562 
3/16-.1875 


-0250 
0409 
3/64-.0409 
-0550 
5/64-.0781 
3/32-.0937 
1/8-.1250 


5/16-.3 

5/16-.: 
3/8-.375 
1/2-.5000 


-1000 
1/8-.1250 
5/32-.1562 
3/16-.1875 
1/4-.2500 
5/16-.3125 
3/8-.3150 


ull Extra Light 


.1250 
.1250 
32-.1562 
j-.1875 
2-.2187 
4-.2500 
-3125 


1/4-.2500 
5/16-.3125 
5/16-.3125 
5/16-.3125 
5/16-.3125 
3/8-.3150 
1/2-.5000 


Spring Retainer 


it1-4Z 
R1-5Z 
R2-5Z 
R2Z 

R155Z 
R156Z 
R166Z 
R168Z 


^ 


NEW HAMPSHIRE —^ 


07 81 


"2500 


1/4-.2t 
5/16-.? 
5/16-. 

3/8-.375 
5/16-.: 


w 
1/16-.0625 
/64-.0781 
32-.0937 
/64-.1094 
64-.1094 
32-.1562 


/64-.0781 
32-.0937 
64-.1094 
64-.1094 
/64-.1094 

64-.1094 
1/8-.1250 
1/8-.1250 


5/64-.0781 
32-.0937 
64-.1094 
64-.1094 
64-.1094 
64-.1094 


.0312 
.0469 
5-.0625 
.0781 
2-.0937 
.1094 
2-.1562 


P» ^77! BALL BEARINGS, 


51 MICRO CIRCLE e PETERBOROUGH, N. H. 
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MICRO makes, and makes possible 
NEW PRODUCTS 


pm By SIZE, TYPE, and MATERIAL * MICRO pro- 
vides the widest selection of small ball bearings made 
to precision quality. 


- 
V2" 


DIMENSIONS of complete assemblies range from 
overall diameter down to .1000". 


Seven RADIAL and three other series are standard in 
chrome and stainless steels with some available in 


beryllium copper. SPECIAL SIZES and MATERIALS 
are also considered. 


pm TOLERANCES are ABEC5 or BETTER. 


NEW * . e 


wm. The MICRO RETAINER (R) bearings, first developed 

by NHBB in the U.S., are a significant improvement 

for sizes previously available only in the full type 

The retainer produces smoother running and lower 

friction. The crown retainer has long 

been in use, and many sizes are also 

being equipped with the new ribbon 

type — a two-piece cylindrical-pocket, 

cone-controlled and balanced retainer. 
Lu 


OTHER TYPES 


Pivot 


BEARING D 


2214M 


4mm. 
23M 


5mm. 
.2500 
500 
50 


1/8-.1250 
1/8-.1250 


Self Aligning 


5/64-.0781 

12.0937 
1/8-.1250 5 

1/8-.1250 


YNNN 
wm uU Ue 
- 


Write for Catalog 53 
data on the more than 
MICRO bearings, or 
Design 


INC. 


consult 


w 


2 Amm 


for complete 
130 available 


our 


Engineering Department 
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Complete Selection of 


PUMPS 


for Original Equipment 


Centrifugal Pumps 

available for a wide variety 
of coolant and transfer 
applications. 


Automatic Reversing Vane 
Pumps may be ordered 
stripped (as shown) or 
semi-stripped, for “built-in” 
applications, or with hous- 
ing and foot mounting. 


It’s easy to select just the right Brown & 
Sharpe Pump for your job. You can 
choose from a wide variety of types and 
sizes .. . centrifugal, geared, reversing 
vane ... direct or motor driven. All have 
the quality construction and long, 
trouble-free life characteristic of 


Brown & Sharpe products. 


The complete specifications on each type 
and size are clearly presented to you 

in the Brown & Sharpe Pump Catalog. 
It includes illustrations, installation 
dimensions, and charts showing 
performance data. Write for your copy. 
Brown & Sharpe Mfg. Co., 

Providence 1, R. I., U.S.A. 


Special Pumps like this 
compact flange-mounted 
type, having multiple 

pipe connections, can be 
furnished to fit your designs. 


Rotary Geared Pumps 

supplied with helical or 
herringbone gears for 
pumping oil under pressure, 
or with spur or helical gears 
for general purpose 
applications. 


BUY THROUGH YOUR LOCAL DISTRIBUTOR 


Brown 
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Build ill of nila measuring 


into your equipmen 


Electralign — an application of this precision 
electronic equipment in Brown & Sharpe's own 
grinding machines. Permits fast, accurate setting 
of swivel table for precision grinding straight 
work or exact tapers after a single trial grind. 


Gage Head Cartridge No. 953 mounted on 
fixture to measure a fixed gage . . . used with 
Amplifier No. 950. Standard comparators for 
external or internal measuring also available. 


Special fixture utilizes Gage Head Cartridge 
and Amplifier to measure internal angle accu- 
racy to + 1'4 seconds independently of bore 
size and without reference to locating surface. 
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Brown & Sharpe Electronic Amplifier No. 950 
for .0001" to .00001" readings. Gage Head 
Cartridge No. 953 is plugged in 


Versatile Brown & Sharpe Electronic Measuring 
Equipment is easily adapted to your machine or fixture 
design. It provides fast, accurate setting or gaging 

to .00001" witb buman error practically eliminated. 

An outstanding advantage is the separate amplifier 

unit which isolates heat-producing elements, preventing 
temperature drift in gaging units. It's economical, 

too — you can design inexpensive Gage Head Cartridges 
into several fixtures and use the same amplifier 

for all. True linear response of the amplifier eliminates 
the need for "go" and "no go" masters. 

These are but a few of many advantages of 

Brown & Sharpe Electronic Measuring Equipment. 
Write for Bulletin. Brown & Sharpe Mfg. Co., 
Providence 1, R. I., U.S.A. 





vendor shall employ his abilities and resourcefulness so as to 


insure satisfaction and benefit to the customer.” A 3 


Nobody ever saw such a stipulation in any 
specification but the spirit of it automatic- 
ally becomes part of every order received 
by Bunting Brass & Bronze Company. Ask 


any Bunting customer. 


x cw rt 


D. ; 
IE BUNTING BRASS & BRONZE COMPANY + TOLEDO 1. OHIO ° BRANCHES IN PRINCIPAL CITIES 
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The picture shows you why this 
Spindle has swept the field for 6" x 
18" surface grinder application (pro- 
ducing finer finishes at lower cost) — 
and why it has been promptly drafted 
for hundreds of other jobs. 


There are many types of bear- 
ings but none can approach the 
superb combination of rugged- 
ness and precision found in the 
double row cylindrical roller bear- 
ings you see in this Spindle. They 


Super Precision 
Roller Bearings 
Separate 


Thrust Bearings 


have tremendous load carrying 
capacity, produce a superior fin- 
ish and assure long, trouble-free 
operation. 

Note the thrust bearings. There is no 
endwise movement of the shaft in 
either direction. 

Spindles have the Pope System of 
lubrication and are dynamically bal- 
anced in full assembly. 

Applicable to all new grinders and 
to those now in service. Write for 
price and delivery. 


No. 95 


Sec p a |* a POPE MACHINERY CORPORATION. 


PRECISION SPINDLES 


Product Engineering — 1954 Annual Handbook 





however 
wherever 
whenever 


YOU HAVE A 


SHIM PROBL 


Get the right, 
económical answer 
from 


O LAMINATED o 


SHIM 


O COMPANY, INC. O 


"SHIM HEADQUARTERS'' SINCE 1913 


Shim design is modern design. It saves precious, extra, needed 
hours of machining parts to needlessly close tolerances. 


Today the pressure is on speed. Production lines must move fast. 
Machine time has to be reduced. Two seconds with a shim can 
save two hours witha machine. Without sacrifice of quality in your 
end product. 


So — when you face a shim situation, it will pay you to check with 
“Shim Headquarters.” Don't just buy a stamping when you need 
a shim. Our engineering service can be important to you. 


bees ee 


SEND TODAY FOR LITERATURE! 
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ONLY LAMINATED SHIM OFFERS YOU ALL p SOLUTIONS 


Here's a quick picture of the shimming has become a science unto itself. Be sure 
methods which are at the disposal of you check with us for an impartial rec- 
designer and production engineer. In ommendation. Remember that only The 
actual use, many factors affect choice Laminated Shim Company offers you all 
of proper type, for shim engineering 5 types of shims. 


9 


A itear like SIMPLY PEELS FOR ADJUSTMENT 


solid A itear The LAMINUM® Shim is made up of layers of .002 or .003 inch 
brass or steel, metallically bonded together over their entire sur- 
faces. Peeling laminations with a penknife gives simple, accurate 
adjustment; no counting or miking is necessary. Shim is rigid, easy 
to handle, less compressible than solid metal. No grit can lodge 
between layers. Available in from 3 to 63 laminations. 


FOR QUICK, ASSEMBLY LINE USE 


The laminations of the LaMiso.,Shim (in brass only) are joined 
by spot-soldering. This type of shim is just right for high speed, 
repetitive assemblies, regardless of the shim size involved. Spot- 
soldering makes a very firm “pack,” but the laminations are quickly 
removed. Laminations within the same shim do not need to be all 
the same gauge, nor is the maximum number of layers limited. 


eS little tab FOR SUPER SPEED, THIN GAUGE SITUATIONS 
holds ‘em eS The Lamitas Shim is a patented exclusive developed by us for the 
extremely fast moving production line. The little tab holds the 
shims together firmly, yet is easily removed. Different metals can 
be used in the same shim. The Lamitas Shim is unsurpassed. cost- 
wise and time-wise when properly engineered. Maximum number 
of laminations is 4, to a total thickness of .010 inch. 


“oll EI ony FOR UNLIMITED FLEXIBILITY 
EI you want" The loose leaf shim is the simplest of all custom-stamped shims. It 
is completely flexible. There is no limit on number or gauge of each 
LOOSE an shim — and an occasional situation will require this “wide open” 
adjustment. In such cases, sets incorporating a variety of gauges are 
made up. Then, by removing one gauge and inserting another, a full 
scale of fine gauge adjustment is made possible. 


ee ee Fle S 
Se 


READY FOR EASY USE, WITHOUT WASTE 


i ims" Our Packaged Shim Stock is available for maintenance work from 
PACKAGED your Industrial Distributor. 6" x 100" roll feeds through package 
SHIM slots, as it's used. Available in 11 gauges, from .001 to .010”, brass 


" and steel. Heavier gauges to .032 are packed flat, two 6 x 25" sheets 
$TOCK 3 to an envelope. Laminated shim stock for maintenance use is also 
available in a variety of thicknesses and lamination arrangements. 


9, 


* T.M. Applied For 


ONLY LAMINATED SHIM OFFERS YOU ALL 


LAMINATED SHIM COMPANY, INC. 1411 UNION STREET, GLENBROOK, CONN, 
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GASKETS FOR TIME-TESTED PERFORMANCE 


WHICH GASKET IS REALLY OIL-PROOF? 
HOT OIL TEST IN AN OPERATING ENGINE 


STANDARD ASTM 
ABSORPTION TEST 
ASTM #3 OIL 


Type £1 (Not a VELLUMOID Product) 
Fibre, cork and Buna S beater sheet 
Type 22 (Not a VELLUMOID Product) 
Fibre, cork and Buna N beater sheet 
Type 23 (Not a VELLUMOID Product) 


Asbestos and Buna N beater sheet 


GENUINE VELLUMOID 


79.8% absorption by weight 


58.4% absorption by weight 


50.4% absorption by weight 

Only 4% absorption 
(negligible) 

Only the VELLUMOID gasket came through this test 


in excellent condition. All others had deteriorated badly. 


INSIST ON GENUINE VELLUMOID — IT PAYS 


OPERATING 


ENGINE TEST HOT 
SAE #20 OIL 


Leaked when pressure reached 
only 60 psi. 

Leaked when pressure reached 
only 105 psi. 


Leaked when pressure reached 
only 100 psi. 

No signs of leakage until pres- 
sures went well over 250 psi. 


THE VELLUMOID COMPANY ...WORCESTER 6, MASS. 


Non-Metallic Gasket Specialists for Over 40 Years 


BALANCED 
CRANKS 


OTA 
RESTS — V 


SUUS 


EN s 
"a ` 


RE T 
t } " 
a " ER ^ 4 " n 


MACHINE Eid 


HANDLES HAND WHEELS LEVERS 


You can free machines and manpower for sale- 
able production, and cut costs, too! Let Balcrank 
supply your needs for machine tool handles, 
wheels, levers and accessories. Balcrank skills 


PARTS AND ACCESSORIES 


have been built through 46 years of experience. 
There are more than 500 different standard 
models in stock ready to adapt to your require- 
ments. Or we'll produce your own designs in 
reasonable quantity. Write today for our cata- 
log and prices, or for any special data. 


ST. 
CINCINNATI 9, OHIO 


For farm implements, road ma- 
chinery and all other industrial 
applications where good wheels 
ore necessary, you need look no 
farther than “GENEVA.” If ourlarge 
range of standard sizes and types 
does not meet your requirement, our 
engineering stoff will gladly help 
you with special designs. Our 
SPECIAL DESIGN SERVICE is fur- 
nished without obligation. 


GENEVA WHEEL CO. 
402 RAILROAD ST. 
GENEVA, OHIO 


Sold to manufacturers of portable equipment! 


Product Engineering 


Circular 249 


RUBBER TIRED DISC 
WHEELS PNEUMATIC AND 
SEMI-PNEUMATIC TIRES 

Circular 102 


MOLDED-ON SOLID 
RUBBER TIRED 
CAST WHEELS 
Bulletin 352 


CHALLENGER 
SPOKE WHEELS 
Circular 949 
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That's your problem as well as the shop's! 


Bottlenecks on the production line .. . 


because machining operations Sure, you can't speed up machining, 
slow down output? but you can... 


"COMPO" and POWDIRON" bulb and parts 


( porous bronze!) (sintered iron) 


that cut down the need for machining operations. 


When these bearings are pressed into the housing, the I.D. is right without any reaming! 
And parts are die-formed to final dimensions. 
The Production Department con speed up assembly—and speed up 
other operations, too, by using machines and operators where they're really needed. 
Sales will like customers' reactions to these bearings and parts 


that last for years without attention. 


And if you please Production and Sales, you'll probably please Management too! 


Want to know how these oil-retaining bearings and ports—products of 
Bound Brook powder metallurgy—cut product costs, stand up in service? 
You'll find the facts you want for yourself and your 


management in our folder of bulletins—(ius! write n j 
for your copy. 


Buy Bound Brook OIL-LESS BEARING COMPANY 


Bound Brook, N. J. Bound Brook 9-0441 
MANUFACTURERS OF BEARINGS AND PARTS © ESTABLISHED 1883 
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Purebon 


SOLVES MANY PROBLEMS 
caused by sliding or rotating 
parts which are DIFFICULT OR 
IMPOSSIBLE TO LUBRICATE 


A constantly increasing stream of problems are fac- 
ing engineers and designers today involving sliding or 
rotating parts where lubrication is difficult or impos- 
sible. For such applications, Purebon, the mechanical 
carbon, is often the ideal answer. Typical applications 
are seal rings, bearings, pistons, piston rings, pump 
vanes, valve seats, meter discs, and a host of similar 
items. Purebon comes in a wide variety of grades. It is 
strong, tough, readily machinable and in many cases 


can be molded directly to size. 


Bulletin No. 52 tells the complete story of Purebon. 


Write for your copy today. 


PURE CARBON CO.. INC. 


448 HALL AVE. ST. MARYS, PA. 
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HEYCO Nylon Strain Relief 

Bushings cut production 
costs and improve 
product quality! 9 Z 

TOONE | G 

you should know z- 

about HEYCO 


Strain Reliefs 


HEYCO 


Heycos absorb all cord pull, push 
and torque and insulate wire from 
housing. With Heycos it's no longer 
necessary to tie wire knots or use 
insulating grommets. Product life 
is increased and product appear- 
ance is greatly improved. Avail- 
able in all sizes from clock wire to 
S-10/3 cable. 


HEYMAN MANUFACTURING CO. 
KENILWORTH 13, NEW JERSEY 4 


It's easy to apply Heycos, too: 239 
. " 4 A 
1. Slip over wire J 
2. Snap into hole 


FULLY APPROVED BY 
Underwriters’ Laboratories and 
Canadian Standards Asso. 


S 


V3 Ae 


HEYCOS positively eliminate 
strain on terminals! 
Send for Samples and Specifications 


e 
Use Approved HEYCO 
Strain Relief Bushings 
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Si Ways 


Clifford bellows 


help you solve 
design problems 


Perhaps you, too, can benefit from flexible, leak- 
proof, metallic Clifford bellows assemblies. For in- 
dividual requirements in assembling bellows to 
fittings, Clifford is equipped to use new molecular 
bonding processes, resistance welding and heli- 
arc-welding. Write direct for complete details on 
how Clifford bellows assemblies can help you. 
Clifford Manufacturing Company, 104 Grove 
Street, Waltham 54, Massachusetts. Division of 
Standard-Thomson Corporation. Sales offices in 
New York; Detroit; Chicago; Los Angeles; 
Waltham, Mass. 


PRESSURE IN TANK OROPS 
ELECTRIC BELOW DESIRED LEVEL 
CIRCUIT 

2)BELLOWS CONTRACTS 
E CLOSING SWITCH 

3 )MOTOR-PUMP STARTS. 
BUILDING UP PRESSURE iN 
TANK. WHEN PRESSURE 
REACHES DESIRED LEVEL 
BELLOWS EXPANDS, OPENING 
SWITCH 
4) PRESSURE IN THE SYSTEM 
$ INDICATED BY A SIMILARLY 
CONNECTED BELLOWS 
WHICH ACTUATES AN 
aol 


- 
DISCHARGE 


Controlling and/or indicating pressure. Clifford Hydron bellows 
assemblies provide close control and accurate indication in pressure 
systems. Pressure, exactly equal throughout the system, is immediately 
exerted on bellows which respond without lag. Common applications: 
instruments to control temperature, pressure, flow rates, liquid level. 


BELLOWS USED AS WII. 


A- PIPE CARRYING HEATED GAS OR LIQUID 
B- SUPPORTS 
C- BELLOWS 


Allowing for thermal expansion in flexible piping. Clifford bellows 
compensate for dimensional changes caused by heated gas or liquid that 
would expand and buckle ordinary piping ... without imposing ex- 
cessive strain on supports. Sidewise movement of supports with respect 
to each other is also permitted. 


ON 


mtat 
txChancees 


METAL BELLOWS 
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EXPANDING BELLOWS 
~~. EXERTS PRESSURE TO OPER- | 
Bet ie tA. Ae 
REM 


H 


Controlling wide range of temperature with one adjusting de- 
vice. Liquid filled Clifford bellows assembly permits one knob to adjust 
temperatures by remote control from 200° to as high as 650° or 700°. 
Common applications: domestic and industrial oven controls. 


Controlling narrow range temperatures. Vapor pressure 
Clifford bellows system forms temperature control unit used in thermostatic 
devices. This device can be designed to be “fail safe" to prevent over- 
heating even if bellows fails to function. Adjustment commonly limited 
to lower range than liquid filled system. Applications: refrigerator con- 
trols, auto thermostats, tank regulators. 


ADJUSTING 


» * 
I -— ad K 
E A NOB 


A)OIRECT MOTION B) ANGULAR MOTIO C) ROTARY MOTION 


LIEN ET M CHAMBER MOVEMENT OF FLOAT ` TATING PART INSIDE 
ADJUSTED BY OUTSIDE TANK OPERATES CUT v VICE OPERATED 
screw ONTROL SWITCH s ¥ OUTSIDE KNOB 


Transmitting motion from one medium to another while main- 
taining a hermetic seal. The inherent flexibility of leakproof Clifford 
Hydron bellows permits extension, retraction, rotary motion or com- 
binations of these to be applied while hermetically sealing unit's internal 
elements. (A) shows direct motion, (B) shows angular motion, (C) shows 
rotary motion. 


Operating as flexible shaft coupling. 
Clifford bellows assemblies provide con- 
stant velocity torque and compensate for 
misalignment. 


Operating as shaft seal. Clifford bellows secl in gases and liquids 
and prevent leakage around rotating shafts. 


Operating in hydraulic transmission systems, Clifford bellows 
approximate frictionless lever-action for transmitting force in remote 


control systems, 
F49 





Get Your Copy 
of the 


Annual 
HANDBOOK 
of 


me Product 


you can't) = St! AA Sa Design 
BEAT 'EM ‘aa | | for 1954 


If you aren't already 


FOR PARTS DIFFICULT a Product Engineering 
OR IMPOSSIBLE TO LUBRICATE!" subscriber, and you'd 


Typical O & Sim- like to take advantage 
pregnated fabrie š à 
bearings with m of this opportunity to 
steel shell for . — K 
general oscil- i get your own copy of 
latory or 


slowly rotat- : this HANDBOOK as a 


ing applica- 


gift, you can make use 
of the convenient sub- 
scription cards follow- 


^ ing pages B32 and H32. 
Shackle bearings, sway 
ber links and shock ab- “1: 
sorber links. Self-lubri- By mailing the card 
cating ball joints, rod 


ends, and nylon beerings. promptly, vou will re- 
ee With NYLON and FABRIC . . . this l p"! 


bearing provides a radial, axial, and ceive this vear's H AND- 
corner load carrying, self-lubricating e 
3 BOOK, plus twelve 


valuable issues of Prod- 
uct Engineering each 
year, PLUS a new 
HANDBOOK every 


November. 

pair clips and interliner 

materials. Made from im- 

Write today for details or send prints, pregnated fabric for self- 
sketches and description of application lubrication. 


There is no compara- 


ble editorial service 


with inquiry. 
TleverOil available to product- 
©) K + Since 1918 design engineers. Don’t 
let € tł » tł g 
& BEARING & MFG. CO. et another month go 


bv... subscribe now. 
777 W. EIGHT MILE ROAD e WHITMORE LAKE, MICHIGAN i 


— 
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Ton a lot of spring know-how 


~~ 
"Jm 
E 
LS 





and it's ready to work for you in civilian or defense production 


In the manufacture of precision springs in large 
quantity, the intangible ingredient “know-how” is 
a mighty important factor. To the purchaser, it can 
mean very important savings not only in first cost 
but in the sum of all the costs involved in getting 
the spring into your product and ready to function. 


We have many case histories to show you how 
tooling and methods developed by Accurate have 
made it possible to slash the cost of springs to our 
customers — and in most cases the customer got 
better, more accurate springs. 


We'll be happy to show you what we have 
done for others but, most of all, we would like to 
show you what we can do for you. If you require 
large quantities of precision springs for civilian 
or defense production, write today. There’s no 
obligation. 


ACCURATE SPRING MFG. CO. 3815 W. Lake St., Chicago 24, III. 


The Accurate Spring Handbook is a 
widely used guide for making spring 
calculations. You'll find it full of help- 
ful short cuts. If you do not have a 
copy of this latest edition, write for 
yours, today. 









SPRINGS * WIRE FORMS * STAMPINGS 


A. 
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NOW! Dependable 


FEATURING — m 


ecision 


— ONE RELIABLE SOURCE 
FOR ALL ROLL REQUIREMENTS 


LIGHT DUTY ROLLS 
HEAVY DUTY ROLLS 
TUBULAR ROLLS 
ENGRAVED ROLLS 
RUBBER COVERED 


ROLLS: 
WARM SURFACE 
"90$ .. 
UU TEL 
CHROME PLATED 
DIE 


m 


When you need rolls for light, medium or 
heavy duty, you can depend on Pamarco for 
precision built rolls, economically produced 
and accurately engineered. Pamarco experi- 
ence in tubular construction, solid steel and 
rubber coverings assures years of dependable 
service. All Pamarco rolls are ground finished 
to exact specifications and fully inspected 
before shipment. 

Recommendations on specific applications — 
The wide experience of Pamarco engineers is 
available to help solve your roll problems. 
For complete engineering service — without 
obligation — write outlining your requirement. 


CALL NOW FOR FAST, COMPETENT SERVICE! 


PAMARCO | 


PAPER MACHINERY AND RESEARCH * INC. 


1014 OAK STREET, ROSELLE, NEW JERSEY 


Fs2 


Precision Rolls for Textiles, Plastics 
and General Industrial Service, 
Engraved Applicator Rolls 

Plate Rolls for Flexographic Presses 













for 2 


ój 
ix 
CR 
X 
( 
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OIII O Xx) 
SK RK SRR t, 
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Whether you make tanks or 
typewriters — rifles or ranges— 
tbere's always room for one 
more quick spring delivery; 
one more solution to a spring 
problem—which will add one 
more satisfied customer to 
Newcomb's ever growing list. 

We are constantly expand- 
ing our facilities—and our 60 
year spring making experience 
certainly speaks for itself! 


— B If you need springs in large 
SES 


or small quantities, ask to see 
a Newcomb representative. Or 
send us your blueprints, sam- 
ples or ideas. We'll spring into 
action with suggestions and 


quotations. 


RIKI 


FREE STRESS ANALYSIS CHARTS 

Our bulletin NS 400 contains valuable refer- 
ence charts and specification data for the 
designer and spring purchaser. Write for your 
free copy today! 





The NEWCOMB SPRING Corp. 


3908 Seventh Ave. 
Brooklyn 32, N. Y. 


NEWCOMB SPRING 


of Connecticut, Inc. 
228 College Highway 
Southington, Conn. 


there's lots of “ZING” 


ina NEWCOMB SPRING / 
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ready solution to many difficult min 
projects involving space, weight a 


RADIAL SERIES 








BEARING NUMBER =- O.D. BORE aob. sone Wini 
PW 100 .1000” .0250 0312” TAP .0590” .020"t 0472” 
I 2 .1250" | 0400" .0469” cA 3P 1181”  .030"t .0709 
D 24 1562" 0469"  .0625" Ve 4P .575" | .040"t | .0945 
L 3 .1875" .0550" .0781 " i wse .1968 .050"t 1181 
| wa 2500" 20781” .0938" EJ v7 2953 075" 1772 
WS 3125" 0938"  .1094" bear Vor 3937” .100"t  .2362 
SUPER-LIGHT RADIAL SERIES GROOVED RADIAL SERIES (Full Roce or Retainer Type) 
re 418 .2500" .1250" 0938 ome 3G 3GC 2188 0550 0781" 
I W518 3125”  .1250" .1094 4G 4GC 2182 0781 0938 
T 5532 .3125"  .1562"  .1094 r 5G SGC  .3438"  .0938"  .1094 
L : 5632 .3125" 1875"  .1094 ji 518G  518GC  .3438^ .1250'  .1094 
| 5732 .3125" .2188" .1094" L 5532G 5532GC 3438 1562 1094 
614 .3750" .2500" .1250 r” 5632G 5632GC 3438” .1875 1094” 
FLANGED RADIAL SERIES (Full Race or Retainer Type) RADIAL RETAINER SERIES 
2'AF 2'4FC  .1562" 0469” .0625 2'4C .1562 0469" 0625 
ne 3F 3FC  .1875" .0550” .0781 We 3c 1875 0550" 0781 
4F 4FC  .2500" .0781” .0938 T 4C .2500" 0781 ^ 0938 
[ 5F SFC  .3125" .0938 " .1094 «D ‘a 5C 3125 0938 .1094 
L 418F 418FC  .2500" .1250 .0938 L 418C .2500 1250 0938 
AS 518F 518FC  .3125" .1250 .1094 4 | 518C .3125" 1250 .1094 
5532F 5532FC  .3125" .1562" .1094 5532C 3125 1562 1094 
5632F 5632FC  .3125"  .1875 .1094 5632C 3125 .1875 .1094 
ANGULAR CONTACT SERIES THRUST SERIES 
pe- 2A .1250" .032"1 .0469 -— 9 p- 2T .425071 .0400"$ .0625 
3A  .1875" .048”¢ .0700 T M TE. 4T 2500 0938"$ .0938 
W4A .2500" .063°7 .0938 " PM 4 o a 5T 3125"1 .1250"$ .1250 
W6A  .3750"  .094'i  .1406 ity 6T 3750" .1875"$ .1500 
6A7B 4730" | .125"1 .1406 7T 4375"1 .1250'$ .1875 
SPRING SEPARATOR SERIES SEPARABLE MAGNETO SERIES 
ete 5S 3125 .0938 1094 - 3M 1875 2550 0781” 
A 518S  .3125”  .1250"  .1094 Bi 4M 2500 0781 0938 
iu? 55325 .3125” .1562” .1094 ii 5M 3125 938 094" 
zi 56325 .3125 .1875 1094" a 518M 3125 125 94 
Prefixes indicate material: Stondard is chrome bearing steel (SAE 52100): use no prefix. All bearings also available in 440 stainless, 
except 2100 and S1VAP. Use prefix ‘SS’ in ordering stainless. Windicates also available in 25 beryllium. Order with prefix “NM 
Suffixes indicate type of bearing: F—flange, G—groove, M—magneto, C—retainer, S—spring separator, T—thrust, P—pivot, A—angulor 
contact flanged with retainer, GC—grooved with retainer. Complete lood ratings are given in catalog. +Shaft (S); t O.D. clear- 
ance of opposite race .002 iBore clearance of opposite race .002'*. 
H 
MPB ball bearings 
are available in ten design series and in more than internationally standardized, MPB has also originated 
130 different types and sizes which normally can be many precision manufacturing techniques. All MPB ball 
supplied from stock for prompt installation. bearings are ground, lapped, honed and/or burnished 
Instrument manufacturers and users of small precision in accordance with highest quality practice for optimum 
mechanisms can now utilize all the well known extra ad- operating characteristics. Inspection limit tolerances are 
vantages of anti-friction bearings (accurate alignment, equal to ABEC 5 or better. 
long wear, freedom from attention) universally accepted The most extensive engineering knowledge in miniature 
in larger quality equipment. bearing applications is available to you. More than a 
For more than 20 years MPB ball bearings have con- million MPB ball bearings have been installed in precision 
tributed to the successful operation of precision mechan- mechanisms. Catalog 53 giving complete specifications, 
isms. A pioneer in designs and dimensions now being and additional data sheets mailed to you on request. 
- B f EL 4 ^ 
Miniature' /»eciszo» Bearings 
Incorporated ADS Keene, New Hampshire 
á save 
"Pioneer Precisionists to the World's Foremost Instrument Manufacturers” weight 
friction 
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HY-LOAD 


High-capacity, cylindrical roller bearings for heaviest 
radial loads and light or intermittent thrust loads. 
Produced in three diameter series, two widths and more than 800 sizes, 
these bearings are available in separable outer race, separable inner 
race and non-separable types. Various arrangements of race flanges 
and snap rings permit wide flexibility of application design. 














INDUSTRIAL INCH 


Designed for slow-moving, heavily- 
loaded machinery where large 
diameter shafts are the rule. Ac- 
cordingly, it is available in frac- 
tional size bores for shafts from 4" 
diameter upwards. This bearing type 
has three separable parts—an inner 
race, a roller assembly and an 
outer race. 


WOUND ROLLER 


This is a three-part separable bearing available 
in 200 or 300 series and in various width classifi- 
cations. The roller construction provides maxi- 
mum resistance to shock, abrasion and fatigue. 
Inner races may be omitted, when desirable, 
with rollers operating directly upon the surface 
of a suitably hardened and ground shaft. 


| 
A 


HYATT BEARINGS DIVISION 
GENERAL MOTORS CORPORATION 





A COMPLETE LINE OF BEARINGS FOR MODERN INDUSTRY 
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BARREL 


A series of angular contact, self-align- 
ing bearings capable of sustaining both 
radial and thrust loads. Race and roller 
curvatures insure ideal distribution of 
load, not only for normal operation but 
also for conditions of misalignment. 
Both radial and thrust loads are dis- 
tributed on the curved roller paths over 
large areas of contact, with the greatest 
load concentrated at the center or 
major diameter of the rollers. Roller 
ends cannot be overloaded. 


DESIGNED 
FOR 
HEAVY 
DUTY... 


TRUNNIONED ROLLER 


In this bearing, ideal for industrial trucks, 
textile machinery, gear pumps, conveyors, 
hoists and agricultural equipment, the 
roller assembly is made up of rollers, end 
rings and spacing bars. Rollers have trun- 
nioned ends which fit into holes in the 
end rings. End rings are located and held 
parallel by spacing bars which also guide 
and retain rollers. Roller assemblies can 
be used with or without outer races. 


WATT ROLLER BEARINGS 


... and there's a type and size for every need 


When design problems involve anti-friction bearings, 
many engineers automatically reach for a Hyatt 
catalog. They know that a quick reference to a Hyatt 





lower maintenance costs—with just the right bearings 


designed into every vital load-carrying position. 
book will save them time and trouble, because there’s The next time you buy new equipment, or make a 
a size and type of Hyatt Bearing for every job. changeover, specify lower maintenance costs by specify- 


ing Hyatt Bearings! And if you need technical help 


Hyatt’s complete line of radial and angular contact 
bearings—more than 800 sizes in the Hy-Load series 
alone—makes the engineer’s job easier, because it 
riakes possible greater design flexibility. For the 
equipment buyer, this means longer bearing life and 


in your selection of bearings, or desire information 
about particular bearings or their applications, ask 
for the services of a Hyatt sales-engineer. Call or 
Hyatt Motors 
Corporation, Harrison, New Jersey. 


write Bearings Division, General 


ROLLER BEARING JOURNAL BOXES FOR THE RAILROADS 
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Simplify lubrication 
design problems 


with HILLS-McCANNA 
Force Feed LUBRICATORS 


ENCLOSED TYPE 
MODEL ET 


These fully enclosed units are of the most 
modern reciprocating design suitable for 
installation under virtually any condi- 
tions, indoors or out. Available in sizes 
from 2 to 32 pints and from 1 to 24 inde- 
pendently adjustable feeds. Capacity per 
feed ranges from a fraction of a drop to 
10 drops per discharge, 1 to 15 discharges 
per minute 


OPEN TYPE 
MODEL MB 


These units are of the open type preferred 
by many operators because of their sim- 
plicity md eotestódis of all working 
parts. Available in sizes from 2 to 24 
pints and from : to 48 independently 
adjustable feeds. Capacity per feed ranges 
from a fraction of a drop to 13 drops per 
discharge, 1 to 15 discharges per minute 


MOTOR DRIVE UNITS 


Where it is desirable to make 
either Model ET or Model 
MB units completely self. 
— either type can be 
urnished with an electric 
motor drive through a gear 
reducer. The unit shown is a 
Model MB with a motor drive. 


ROTARY DRIVE 
UNITS 


Both Model ET and Model MB units 
are available for rotary drive through 
an external gear reduction. This type 
of drive is widely used for chain and 
belt driven installations. The unit 
shown is a Model ET with external 
gear reducer. 


Full details on Model ET and Model MB 
lubricators are given in Catalog L-52. Also 
described are the many special constructions 
and accessories that make it possible to adapt 
Hills-McCanna Lubricators to a wide variety 
of designs. Write for your copy today. 
HILLS-McCANNA CO., 2444 W. Nelson St., 
Chicago 18, Illinois. 


ANNA 
force feed lubricaters 


ALSO MANUFACTURERS OF 
SAUNDERS PATENT DIAPHRAGM VALVES 
METERING AND PROPORTIONING PUMPS + MAGNESIUM ALLOY SAND CASTINGS 


DESIGN OF MACHINE 
MEMBERS 


Explains the theory, together with the practical 
applications, of designing the varieus elements 
in operating machines. Discusses engineering ma 
terlals, factors of safety, utilization factors, the 
selection of design stresses, ete. Covers develop 
ments in such machine-parts as riveted joints; 
power screws; spur, bevel,. amd screw gears, etc 
By Alex Vallance and Venton L. Doughtic, Prof 
of Mech. Eng. Univ. of Texas 
3rd Ed. 500 pages, 363 illus., 
$6.00 


FORMULAS FOR 
STRESS and STRAIN 


3rd Ed.—Just Published! 


Here is the ideal guidebook on strength 

of materials. Contains extensive tables of 
formulas and numerous illustrative examples . 
includes the results of intensive analytical ar 
experimental work . . presents for quick reference 
all the formulas for stress, strain, and strength 
useful to the design-engineer. Also brings you 
step-by-step, the essential principles used in stress 
analysis, and provides fundamental data on the 
mechanical properties of materials By Raymond 
J. Roark, Professor of Mechanics, U. of Wise. 3rd 
Ed. 366 pages, 43 illus., $7.50 


GRAPHIC AIDS 
IN ENGINEERING 
COMPUTATION 


Covers graphical and mechanical methods 
of computation. Treats the standard slide 
rules—the derivatior f empirical equa 

tions from ngine z data—the cor 

struction of ographs by geometri 
methods a 1 ith letermir t the 
construction peci siide iles and 
novable scale charts ides recent 
levelopments i nomography. By Ran- 
dolph P. Hoelscher, Head Dept. of Gen. 
Engin. Drawing. U. of Ill, Joseph N. 
Arnold, Assoc. Prof. of Gen. Engin., 
Purdue U., and Stanley H. Pierce, Asst 
Dean, Coll. of Engin., U. of Il. 197 pp., 
110 illus., $4.50 


COLOR 
FUNDAMENTALS 


You can use color correctly—the experts’ 
way. Developed in layman’s language, here 
is a practical color theory for anyone who 
works with color in any way. 
Explains why à how humans react 
atest psychological, pl 
research. Tells you how to 
and evaluate results, Emphasizes 
information throughout—in advertisir 
aging, industrial design, material 
Provides color charts showing 100 attractive 
fective combinations. By Maitland Graves, Pratt 
Institute. 206 pages, 95 illus., $10.00 


McGRAW-HILL BOOK COMPANY, INC 
330 W. 42nd Street, NYC (36) 


Send me book(s) checked below for 1 
ation on approval. In 10 days I 
)kís) I keep plus a few cents for del 

return unwant book (s postpaid We 

ry if you nit with this coupor sar 


ilege 


] Valance—Des. of Mach. Mems.—$6.00 
Roark—Formulas—$7.50 
Hoelscher—Graphie Aíds—$4.50 
Graves—Color Fundamentals.—$10.00 


(Print) 
Name 


'ompany 


Position 
This offer applies to U. S. only 
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| M-R-C BALL BEARINGS 


Complete Range of Types for All Requirements 


Super-Conrad Maximum-Capacity Radial Type R Radial Type R Single-Row 
Deep- Groove Type Notched Type Maximum-Capacity Bakelite C age Extra-Light Type KR 


Maximum Capacity Power Transmission Conveyor Roll Front Wheel Clutch Throw-out 
Single-Shielded Bearing Bearing with Housing 


Thrust Bearing Super-Conrad Clutch Throw-out 
Flat Washer Type Snap-Ring Type Plain 


Cartridge Type Super-Conrad Adapter Type Fabri-Seal Type 
Maximum-Capacity Type Double-Shielded Double-Sealed (for Lineshafting) with Sealing Ring 


Extremely-Light Double-Felt Seal Super-Precision Bearings Wide-Inner Super-Conrad Snap-Ring 
Inch-Size Shielded Both Sides Single Row Duplex Bearing Type Single-Shielded 


MARLIN - ROCKWELL CORPORATION 


Executive Offices: JAMESTOWN, N.Y 
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ON A PLATEN PRESS ON A MACHINE TOOL — 


J 
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Wherever vibration, flexation, misalignment or 


make the connection with CMH 





Aw. ^ 


"e 
TT 


- - a» 


ON A GRAIN LOADER 








ON A FURNACE 


ic lie wah 


ON AN ION ACCELERATOR 









| ON AN ENGINE HEATER 
a 
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@ CMH Flexible Metal Hose, properly used, can 
save many times its cost by eliminating piping 
failure due to motion and fatigue stress . . . by 
simplifying installation by reducing the 
number of fittings required . . . by minimizing 
downtime required for piping maintenance. In 
CMH flexible metal hose, you get the rugged 
durability of metal combined with a high degree 
of flexibility. You get a non-aging, non-contami- 
nating, non-collapsible assembly with no joints 
to pack, assuring a long, dependable, mainte- 
nance-free life. 

In the CMH complete line of flexible metal 
hose products there is the exact type to meet 


your needs. Pressures from vacuum to 24,000 psi 
(burst) can be accommodated. A wide variety of 
metals is offered, too, to provide hose types 
which are corrosion resistant, fire resistant and 
capable of handling extremely searching liquids 
and gases. 

Whenever a connection problem involves vi- 
bration, flexation, misalignment or expansion 
and contraction, think first of CMH flexible 
metal hose for an economical, dependable and 
safe solution. Flexonics Corporation's extensive 
experience and know-how is available to help 
you on any flexible connection problem. Just 
send an outline of your requirements. 


expansion and contraction is a problem..... 


FLEXIBLE METAL HOSE 


REX-WELD HOSE 


2 - 


soa 


CMH REX-WELD corrugated steel hose in sizes 
from 3/16” through 24” I.D. for burst pressures 
to 12,000 psi, temperatures to 1000°F. Also 
available in bronze. 


REX-TUBE TYPE RT-15 


CMH REX-TUBE Type RT-15 fully interlocked 


REX-FLEX 


(asi 


CANIM 


REX-TUBE TYPE RT-20 


HOSE REX-TUBE TYPE RT-6 


CMH REX-FLEX corrugated stainless steel hose 
in sizes from 5/16” through 2" 1.D. for burst 
pressures to 24,000 psi, temperatures to 1600°F. brass and other metals; sizes 
8” 1.0. 


FLEXON BELLOWS 


CMH REX-TUBE Type RT-20 steel or bronze bal! Flexon Bellows ond Bellows Assemblies 


CMH REX-TUBE Type RT-6 fully interlocked 
flexible tubing in galvanized steel, aluminum, 
Va through 


steel or bronze utility hose in sizes from '^" 
to 12” 1.D. for pressures to 750 psi. (constant), 
temperatures to 600° F. 


bearing type utility hose in sizes from 3/16" 
through 1'4" 1.D. for low to moderate pres- 
sures and temperatures. 


made to meet your exact specifications in a 
complete range of sizes. Available in brass 
bronze and stainless steel 


Catalog No. 132 gives specifications and application dataon CMH 
flexible metal hose and FLEXON Bellows. Write for your copy or 
see the Flexonics catalog in Sweet's File for Product Designers. 


opo 1351 S. THIRD AVENUE * MAYWOOD, ILLINOIS 


FORMERLY CHICAGO METAL HOSE CORPORATION 


in Canada: Flexonics Corporation of Canada, Lid., Brampton, Ontario 


« 
Aircraft components 


Flexon identifies 
products of Flexonics 
Corporation thot 
have served industry 
fer over 50 years. 


Flexible metal hose Expansion joints 


Metallic 
bellows — 
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| ae oil seals are precision built to han- 
dle all oil seal problems presented. High speeds 
or temperatures, extremely dry conditions, mis- 
alignment between shaft and bore, eccentricity 
of shaft diameter or movement, accumulation 
of dust and grit, all are causes of oil seal failure. 
Universal oil seals meet unusual mechanical 
demands and are designed in size ranges and 


types to accommoZate all cil seal operations. 


a seal for every purpose! 


Standard Type A-2 is stocked in a complete 
range of shaft and bore sizes from 4” dia. 
shaft with 34" outside or bore dia. up to 12" 
dia. shaft with 14" outside or bore dia. Specia! 
sizes ranging from '4" dia. bore up to 48" dia. 
shafts can be made to your specifications. 

It is our desire to provide the best possible 
oil seals at the lowest possible production cost. 
Perhaps we can help you with your oil seal 
problems. Your inquiries are invited. 


TYPE A- No. 2 Shaft Rotates Inside of Seal 





The figure left illustratcs the type of seal most fre- 
quently used for general oil sealing purposes. This model 
features a self-contained cartridge for casy removal and 
installation and a spring-type take-up for wear and 
corr ction of misalignment. Type A-2 oil seals and minor 
variations of this design are used in more installations 
than all other cartridge type oil seals combined. 


A. Outer Cup—Formed accurately to provide a rigid 
container for the inner parts and to insure an oil 
tight press fit into the housing. 


B. Inner Cup—Transmits proper clamping pressure to 
the outer surface of the packing member. 


C. Packing Mcmber—Tightly clamped in place to 
provide maximum oil sealing protection with mini- 
mum amount of friction and power loss. May be 
made from leather or synthetic rubber. 


D. Coil Spring—Insures uniform sealing pressure of 
packing on the shaft and provides automatic 
take-up for wear. 


E. Compression Washer — Distributes pressure over 
packing surface and holds packing flat against 
outer cup. 



































Product Engineering — 1954 Annual Handbook 






Variations TCO desiqns 
NM 







TYPE ME as 


A, 


TYPE “H” 


A, 


TYPE SF 


DUAL "C" 





TYPE A-2E 














TYPE A-2R 





TYPE FA-2 


These are but a few of the many possible variations of our basic designs . . . 
write, wire or phone for our catalog and our free decimal equivalent decal. 


Telephone FEderal 2-9244 








UNIVERSAL OIL-SEAL COMPANY 
PONTIAC 12, MICHIGAN 
E 
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Jergens Live 


Pilot Bearing Bushings 


Heavy duty boring mill operation utilizing Jergens 
absolute seal Pilot Bearing Bushing to increase prec 


sion, depth of cut and tool life LIGHTING PANELS 


Only Jergens Absolutely E 
Seals Out Coolants and Grit 


As a result of ingenious design and precision manufacture, 
Jergens Pilot Bearing Bushings provide for the first time in bear- 
ing applications an absolute seal against coolants and fine 
powdered abrasive grit and dust entering the bearing cavity. 
Jergens Bushings make possible increased precision in piloting 
applications with greater depth of cut and eliminate costly tool 
failures and expensive down time 

The world's largest production plants are today making 
Jergens Pilot Bearing Bushings an absolute must wherever tool 
holders require support to increase accuracy and stock removal 


or to decrease tool breakage. = An it This new ENGINEER'S 
» MANUAL takes you 


H on a step-by-step 
V iz S | g n course of designing 
wire cloth strainers to 
meet your own special 
Your 


requirements. Dis- 


Roller and Needle Bearing Pilot Bushings ens0es. weeves 


Performance Features 
* Provides absolute seal against coolants, grit and dust b CLOTH meshes, metals 


shape and construc- 
tion, flow rate, fabri- 
® Needle Bearings fill applications requiring closer center distances STRAINER cation processes. 
* Bearings can be dissembled without removing housing - Write today for your 
free copy. 


* Greater overall length increases accuracy and bushing life 


* Cartridge-type bearing holder provides greater accuracy 
* Protects against thrust loads as well as radial 


è Tapered bearings can be adjusted to compensate for weor 


e Adaptable to receive removable slip bushings, keys or keyways j M | C H | G A N 
J. G. JERGENS CO. 


i WIRE CLOTH CO. 
11106 Avon Ave. * Cleveland 5, Ohio nu! 


2040 Howard Street 
DL o a EE | Detroit 16, Michi 
* SEND FOR COMPLETE CATALOG PE-11 » —— 
J. G. Jergens Co., 11106 Avon Ave., 
Cleveland 5, Ohio 
Please send Pilot Bearing Bushing Cato- 
log to 
NAME 


' 
—7 COMPANY 
“amet ADDRESS 


— CITY 


j 
! 


- MICHIGAN 


Draws the Wire 
Weaves the Cloth 


Fabricates the Part 


m/e 


catalan tea areca 
7 ue mos m mom 


a STATE 
Sam mau m a n m a a a o a a a a a a P 


in one continuous production line 


62 Product Engineering — 1954 Annual Handbook 









GARLOCK 


PACKINGS . GASKETS . OIL SEALS o MECHANICAL SEALS 
MOLDED RUBBER PRODUCTS . RUBBER EXPANSION JOINTS 


GENERAL OFFICES AND FACTORIES: PALMYRA, N. Y. 
SALES OFFICES AND WAREHOUSES 


CLEVELAND 13, 1276 W. 3rd St. 
DENVER 2, 1863 Wozee St. 
DETROIT 11, [sd ene Se 
HOUSTON 3, 2105 McKinney Ave. 
CHICAGO 6, 600 W. Jackson Blvd LOS ANGELES 21, 2303 E. 8th St. PORTLAND 4, Ore., 418 S. W. Ist Ave SPOKANE 4, West 610 Second Ave 
CINCINNATI 16, 8329 Vine St NEW ORLEANS 16, 107 Decatur St. ST. LOUIS 8, 3685 Forest Park Blvd. TULSA 3, 427 E. 4th St 


IN CANADA—The Garlock Packing Company of Canada Limited, Toronto, Ont.; Canadian Factories: Hamilton, Ont. 


















BALTIMORE 18, 2828 Loch Raven Rd. 
BIRMINGHAM 1, 519 S. 19th St. 
BOSTON 10, 80 Broad St 

BUFFALO 2, 38 Pearl St. 





NEW YORK 6, 114 Liberty St. 
PALMYRA, Maple Ave. 
PHILADELPHIA 2, 20 S. 15th St 
PITTSBURGH 22, 800 Penn Ave. 


SALT LAKE CITY 1, 322 Dooly Bldg 
SAN FRANCISCO 7, 750 18th St 
SEATTL: 4, 516 Ist Ave. S 





GARLOCK’S LINE OF PRODUCTS 


Garlock manufactures in its own factories in Palmyra, 
New York a complete line of quality-controlled Mechan- 
ical Packings and Gaskets. 


OIL AND GREASE SEALS FOR BEARINGS 

















Garlock 
In addition, Garlock also makes the following allied KLOZURES* 
products: 
KLOZURE* Oil ond Grease "Teflon" Packings, Gaskets 





Seals for Bearings 
Mechanical Seals for Rotary 
Shafts 
Rubber rone 
Molded bber Products 
Rubber Gapeesien Joksi Gasket Cutters ond Punches 
Molded Cups for Industrial Lubricating Compounds for 
Use Packings and Gaskets 


and other products 
Pipe Thread Compound 
Tapping Compound 
Packing Hooks 







Garlock KLOZURE Oil and Grease Seals are made with a 
sealing member of oil-resisting synthetic rubber molded to 
exact size and shape. Available with standard finger spring, 
garter spring or without spring. Garlock KLOZURES pro- 
vide an efficient seal yet reduce friction to a minimum. There 
is a KLOZURE model designed for every bearing applica- 
tion. These superior oil seals are made in a complete range of 








GASKETS AND SHEET PACKING 





Garlock has the facilities to hand cut, die cut, mold or 
machine all sizes and shapes of gaskets in any quantity. Some 
of the most popular gasketing materials, which are also avail- 


sizes including Metric diameters to fit standard International 
millimeter ball and roller bearing housings. Write for Catalog 
10. 















able in sheet form, are: 













Rubber — natural or syn- Silicone — plain or cioth- 

Mo We er em S aea — MECHANICAL SEALS FOR ROTARY SHAFTS 

: d ork- re — glycerine 

inserted or wire-inserted Wesied er synthetic reb- —— 
A ee v — — mated against practically any liquid in- 
Leather "Tefton"—ond '"'Kel-F" cluding strong acids. Garlock 


Mechanical Seals reduce leakage 
of costly or hazardous liquids on 
rotating shafts, and operate 
without any wear on shafts or 
shaft sleeve. 


MOLDED RUBBER PRODUCTS 





















mu 
PRODUCTS MADE OF TEFLON* 


KEL-F*, NYLON, POLYTHENE 


Garlock's complete facilities enable us to mold, extrude, ma- 
chine or otherwise fabricate (from powder) Teflon, Kel.F, 
Nylon, and Polythene to the same bigh quality standards to 
which Garlock has always rigidly adhered. We invite your 
inquiries on: 









A comprehensive line of rubber compounds, developed in 
the Garlock laboratories, is available for use in the production 
of molded rubber goods. Many of these compounds are also 
regularly made into sheet, slab, coil, gasket, ring, sleeves, 
tubing, pump valve, and discs. Facilities for the development, 
testing, and production of special molded or extruded rubber 


products are at your disposal. 4 Packings and Gaskets made of Teflon and Kel-F—Recom- 

* mended for use wherever resistance to chemicals is re- 
quired. Tefion and Kel-F ckings cre available for use 
on valve stems, pump rods and shafts; Teflon ond Kel-F 
gaskets for all types of flanged joints. 


Finished Electrical Parts—molded or machined—of Teflon, 
* Kel-F, Nylon or Polythene. 


Teflon Tape—Electrical grade—pretested for dielectric 
* fault (maximum 85 per 100 feet of 0.005" tape). 








3 Sheets, Tubes, Sleeves and Ofher Shapes Available in 
* Teflon or Kel-F—Teflon sheets as large as 48°" square 
Kel-F sheets and discs as large as 48'' diameter. 







ROD PACKINGS FOR EVERY SERVICE 


Garlock Packings are made of asbestos, rubber, synthetic 
rubber, flax, cotton, jute, leather, “Teflon”, copper, bronze, 
cast iron, steel, aluminum or lead; and combinations of these 
materials—for service against water, steam, oil, air, acids and 
other fluids at any pressure or temperature. 


TO CONTACT GARLOCK 


Write, wire or telephone the nearest Garlock Sales Office—see 
locations at top of page. We will have a Garlock Representa- 
tive call on you. 














* Registered Trademark 
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ADD SHOCK PROTECTION 


to your most delicate instruments 


New Catalogs 
and Bulletins... 


are listed toward the 


end of every section of 


Resilient Cushion of silicone rubber will 


withstond exposure to temperatures of t h e H A N D B o O K . 


from —85°F. to 325°F. 


These new reports 
from manufacturers 
keep you pested on 


everything newly avail- 
abl rou. 
with the jod CUSHION JEWEL ASSEMBLY able to you 


Actual tests show that BIRD Cushion Jewel Assemblies perform 
better and are less subject to damage under the most severe conditions 


than conventionally mounted jewels. Eliminate damage to jewel-bearings You can easily 


and their mountings from vibration, shock, or improper adjustnfents by 
inexperienced operators. 
Bird Cusbion Jewel Assemblies provide: 


Inexpensive shock-proofing for any instrument obtain new catalogs 


Variable cushioning to suit different operating conditions 
Mounting to any specification 


t 
Controlled movement of jewel — no loose assemblies and bulletins 
We want to show you how BIRD Cushion Jewel Assemblies can — 
add shock protection to your instruments, Send us specifications and sizes 


of jewel bearings in your instruments for samples of Cushion Jewel 


Assemblies for testing in your plant. simply by filling in the 


convenient post cards 


 — I DM n following page 24. 
Quality m r | These post cards also 
Controlled have spaces for you to 
Jewels to Your Te indicate ADVERTISED 
Specifications EEMEEENERESEEESE on PRODUCTS about 


which you'd like to 


Chart shows four types of jewels commonly used, with dimensional 
specifications to customize each type for your production. Specify quantity, Me 
type, dimensions, and whether desired unset or set in screws or bushings. get the data you indi- 
We will quote prices and deliveries or provide samples to your specifications. 


know more. You will 


cate directly from the 
Se RC P 
-- "uo m 

^ | | use of these handy, 


- 
| manufacturer. Make 


Lv | hd h4 YS mum umm 


Over 40 years of serving industry witb Quality jewel bearings 


postage-paid cards. 
hard HEE 
, 72, &.Co., Inc. 


Sapphire and glass jewels - Precision glass grinding - Ferrite precision products - Sapphire stylii 
I Spruce Street, Waltham 54. Mass. 
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FOR 
DESIGNERS 
AND ENGINEERS 


Have the information you need right at your finger 
tips . . . send for your free copies of New Departure’s 
five design and application books now. You'll find 
they contain a wealth of informative material . . . 
bearing application, details of design, enclosure and 
lubrication, load computation. tables, and applica- 
tion procedure. Technical books for various specific 
fields are also supplied on request. 

But New Departure service to design and engineering 
staffs goes even further. For New Departure offers 
the ball bearing industry's most complete engineering 
service, available in all principal cities. Whenever 
you have a bearing problem, call on New Departure 
specialists. They will be glad to serve you. 


4 

0? 
" a BALL 
Ine agris UY © 


NEW DEPARTURE 


BALL BEARINGS 
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PART FOUR 


BEARING LO 
COMPUTAT 


aT Five 


ca PROCEDURE 


4A. 2 d. 


CLR t». 





LC RR 
REYNOLDS ALUMINUM HANDBOOKS 


= A POSITIVE SEAL 


One Unit . . . Complete Within Itself 
DESIGN and FABRICATION im R ROTATING care 


E -ORILLED HOLES 


FINISHES FOR ALUMINUM ALUMINUM POWDERS AND The seal on the left is our new double “O” ring cartridge de- 
Supplies basic information on PASTES—Describes types of sign. It allows for extremely broad operating conditions—higher 
the application and uses for powders ond their uses in : ; ; ; 
slecrepéated, medhenicol weg, pyelednie, pne pressures, higher temperatures, ond a wide variety of corrosive 
chemical ond orgonic finishes. essing, metallurgy, etc. medii 


e The seal on the right is our single "O" ring cartridge type seal. 
FREE: Single copies of these and other valuable In the illustration it is shown adapted for bearing sealing. 


handbooks are free when requested on business letter- 


naod. Gtheretee the esie» ef cach bosk b ene Galler. If you have a rotating shaft sealing problem, write for descrip- 


igi : tive bulletin, wh'ch describes our spring-and-bellows and olso 
For a complete listing of handbooks in the Reynolds Library diaph trid t Is. We desi d build special 
on Aluminum Design and f'ebrication, see Reynolds green our diaphragm cartridge type seols. We design and bui specia 
insert Section B. seals to suit your equipment, or build seals of your own special 


REYNOLDS METALS COMPANY design. 


2598 South Third Street, Louisville 1, Kentucky C A R T R I S E A L C o R p ) 
REYNOLDS OR ALU MI N U M 3513 Touhy Avenue, Lincolnwood, Illinois 


PERFECT PERFORMANCE IN ONE PACKAGE 
MODERN DESIGN HAS ALUMINUM IN MIND 


Facts about 


Product Engineering 


Rogon’s stock molds greotly reduce 
your knob costs. Markings can be 
branded to fit your requirements. 
Special shaft holes at nominal 


charge. Send for details on how Product Engineering is the only 


to cut knob costs. 


ROGAN BROTHERS 


8025 N. Monticello - Skokie, lll design engineers. 


paid-circulation magazine serving 


COMPRESSION MOLDERS AMD BRANDERS OF PLASTICS 77 
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For higher operating efficiency and lower long-run costs 


(Choose A ROLLWAY BEARING 


PRECISION BRONZE RETAINER 
RADIAL ROLLER BEARINGS 
Performance is stepped up, costs 
kept down due to the inbuilt 
trueness of Rollway’s right angle 
design. This basic principle bal- 
ances the internal forces within 
each bearing; promotes true rota- 
tion of the rollers around the shaft. 


TRU-ROL STEEL RETAINER 
ROLLER BEARINGS 

This economical bearing with 
ingenious steel retainer in- 
sures constant roller align- 
ment and longer-than-usual 
life. Prevents skew and slide, 
consequent power losses and 
early-failure hazards. 


e P £x 


RIGHT ANGLE SEPA- 
RATOR FLOTS accurately 
machined te prevent roller 
skew, slide and uneven 
wear, 


RIGHT ANGLE BEAR. 


RIGHT ANGLE ROLLER 


ING SURFACES with ENDS, precisely square to 
parallelism that results in avoid end-rub, oscillation 
unwavering right-line and side-shock. 


rolling. 


PRECISION BRONZE 

RETAINER THRUST 

ROLLER BEARINGS 
Heat treated to insure 
uniform hardness and 
surface structure, both 
the solid-cylindrical 
rollers and the thrust 


These Rollway steel-cage 
bearings help you save 3 
ways—on initial costs, in- 
stallation costs, and main- 
tenance costs. Priced well 
within competitive range, 
they are engineered for long 
durability. Frequently they 
outlast the machine in which 
they are installed. 

TYPE A & AUN—Roller assembly with 
split sleeve. 


TYPE D — Roller assembly with solid 
inner and outer race. Also roller as- 
sembly with outer race only. 


On both of above types, roller assem- 


TYPE A 
Hardened 


TYPE AUN 
Unhardcned 


b 


blies may be furnished separately. 


plates of Rollway 
Thrust Bearings are 
held to extremely close 
limits of parallelism. 
The result is a true 
line contact that re- 
duces unit pressures 
with increased maxi- 
mum capacity. 

Accurate parallelism between 
the rollers and the matched 
thrust plates is repeated in 
the porallelism between the 
separator siots and the rollers 
themselves—all adding up to 
quietness, equalized wear and 


E ROLLWAY 


BEARINGS 


E Complete Line of Radial and Thrust Cylindrical Roller Bearings 


SALES OFFICES 


Milwaukee 
Los Angeles 


Syracuse 
Philadelphia 
Pittsburgh 
Houston 
Detroit 
Toronto 
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MINIATURE , 


BEARINGS 


CONSTRUCTION 


When you use RMB miniatures in instru- 
ments and small mechanisms, you get 
engineering features which you expect 
to find only in anti-friction bearings of 
much larger size. For example, RMB 
Type RF FILMOSEAL bearing (illustrated) 
available in sizes from .1969" O.D. has 
these important design details: 


A—Deep groove races, uninterrupted 
by filling slot. 


B—Balanced, two-piece ball retainer. 
C—Non-rubbing capillary oil seal. 
D—Dust shield. 

E—Precision tolerances. 


In the manufacture of all RMB bearings, 
no matter how small, there is never any 
compromise with the principles of good 
bearing design. 


ANDIS & GYR 


INCORPORATED: 
45 WEST 45TH STREET, NEW YORK 36. \ 


Fos 


Veg m. 


Ee 


cw 
sz 


| EUM E 
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PIVOT 


Self-aligning 


The simplest and most com- 
pact of the miniature types. 
Use them where size, 
weight and cost must be 
kept low, yet where you 
wont the low friction and greater endur- 
once of a boll bearing. Typical applice- 
tions: Meter movements, small gear trains, 
lever pivots. Sizes: From .043” to .423” O.D. 


ANGULAR CONTACT 


Self-aligning 
with inner race 


Similar in capacity end op- 

plication to the pivot types, 

but somewhot eosier to in- 

stoll becouse they toke 
cylindrical shafts. These types, os well os 
the pivot types, are self-aligning, will 
corry thrust and radial loods. Sizes: From 
157" to .787" O.D. 


Ld 


RADIAL 


Without inner race 


Particularly useful where 
loods ore relatively light, 
low starting torque ond 
high shock ond weor re- 


— 


sistance ore important. Typical applications: 
Pivots for balance arms; shaft supports in 
control ond recording mechanisms. Sizes: 
From .1181” to .4724” O.D. 


"uz RADIAL 
Deep Groove 
with inner race 


These Conrad type preci 

sion bell bearings, with 

deep groove design ond 

balanced ball retainer, 

provide moximum lood co- 
pacity, high running speeds, long life. 
Typical applications: Small motors, sound 
recorders, computers, potentiometers. Sizes: 
From .1181" to .8661" O.D. 


OTHER TYPES 


MANY SPECIAL TYPES 

AND DESIGNS NOT 

SHOWN HERE ARE ALSO 

AVAILABLE IN A WIDE 

RANGE OF SIZES. WRITE 
FOR COMPLETE NEW CATALOG WHICH 
INCLUDES INFORMATION ON MOUNTING 
AND APPLICATION OF MINIATURE AND 
INSTRUMENT BEARINGS. 


Catalogs 
and 
Bulletins 


Request additional information using 
posteards following page 24 


(R-1) NEEDLE BEARINGS — The 
Torrington Co., Catalog 32-B, 112 pp. 
Engineering and application data on 
various types of needle bearings. Has 
information on: calculations of needle 
roller applications; constants; load 
capacity; dui factors; shafts; hous- 
ings; precision fits; installation meth- 
ods; lubrication; dimensions; and 
mountings. Covers all fields of applica- 
tions, with illustrations, line drawings, 
and other data for each. 


(R-2) AIRCRAFT COMPONENTS 

Diaphlex Corporation, Catalog, 93 
pp. Has many illustrations and com- 
plete specifications on a line of pres- 
sure switches, bellows, relays, time de- 
lays, sealed components and special 
devices. Stamp action switches and all 
metal diaphragms have a normal pres- 
sure range from 0 to 5,000 psi, and 
will withstand pressures to 15,000 psi. 


(R-3) TUBE FITTING—The Impe- 
rial Brass Mfg. Co., Catalog 3500, 74 
pp. Illustrations, descriptions, and spe- 
cifications for a line of tube fittings for 
connecting copper, brass, aluminum, 
steel, and other metal tubing. Covers 
all pipe fittings, flexible hose and at- 
tachable fittings, valves, faucets, drain 
cocks, strainers, and others. 


(R-4) BRONZE BEARINGS The 
Bunting Brass & Bronze Co. Catalog 
52, 74 pp. Divided into sections on 
standard stock bearings; bars; electric 
motor bearings; and engineering data. 
There are 854 different sizes of stand- 
ard stock bearings listed from 3/16 to 
41/, in. I.D., with a range of outside 
diameters available. Also, 324 different 
electric motor bearings are listed. 


(R-5) RETAINING RINGS 

Waldes Kohinoor, Inc. Catalog 50 M. 
5? pp. Has engineering specifications, 
data, and other information covering 
17 different types of rings and more 
than 600 different sizes. Gives ring 
and groove dimensions, clearance, al- 
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74 wide range of aizes for an ever-expanding field of applications. 


Unibal SPHERICAL BEARINGS + SPHERICAL 

BEARING ROD ENDS °* ROLLER BEARINGS 

SELF ALIGNING BALL BEARINGS * PILLOW 
BLOCKS + ROLLER BEARING AND BALL 
BEARING FLANGE UNITS. 


UNIBAL SPHERICAL 
BEARING 


The Unibal Spherical Bearing is a really 
amazing bearing principle employing a 
single ball bored to fit shafts from .1250 
to 1.875. Diameters of bearing housings 


from .469 to 4.000. 
ROD ENDS 


— There is a HEIM 


FLANGED ROLLER 1 
BEARING bearing to meet 


YOUR require- 
ments. Ò 


BALL & ROLLER BEARING 
PILLOW BLOCKS 


FLANGED BALL 
BEARING 


CAST IRON BODY 
PILLOW BLOCKS 


BALL & ROLLER BEARING 
FLANGE UNIT 


THE HEIM COMPANY 


Product Engineering — 1954 Annual Handbook 


F4? 





The OPTICAL Tool 


that checks errors 


INSTANTLY 


send 


To check mistakes, 
magnify them! 


Fine tolerances, dimensions, assem- 
bly, delicate adjustments, are all 
measured and checked easily, swiftly, 
with a 


Stocker&Yale 
OPTICAL COMPARATOR 


Built ruggedly, with top-quality op- 
tical systems, Stocker & Yale Optical 
Comparators project the image of 
work or model and part on a hooded 
screen, magnified to desired size suit- 
able for inspection. 


Versatility is a feature — easily 
changed from horizontal contour to 
vertical contour to front surface by 
your operator. Designed for cool op- 
eration, with light away from inspec- 
tor, a Stocker & Yale Comparator 
can reduce rejects, increase efficiency, 
speed production. Several dimensions 
can be checked simultaneously, and 
assemblies inspected while perform- 
ing the operation, independent of in- 
herent dimensions, 


Newest is Model 66 with 6” x 6” 
screen, and adjustable magnification 
to suit work at hand. Hooded screen 
intensifies clarity; rugged construc- 
tion insures long life. 


For detailed data, write: Dept. 29 


Stocker &Yale 


GREEN ST., MARBLEHEAD, MASS. 


Get Your Copy 


of the 
Annual 
HANDBOOK 
of 
Product 
Design 
for 1954 


If you aren't already 
a Product Engineering 
subscriber. and you'd 
like to take advantage 
of this opportunity to 
get your own copy of 
this HANDBOOK as a 
gift, you can make use 
of the convenient sub- 
scription cards follow- 


ing pages B32 and H32. 


By mailing the card 
promptly, you will re- 
ceive this year’s HAND- 
BOOK, plus twelve 
valuable issues of Prod- 
uct Engineering each 
year, PLUS a new 
HANDBOOK every 


November. 


There is no compara- 
ble editorial service 
available to product- 
design engineers. Don't 
let another month go 


by ... subscribe now. 


Product 


(qm TW 
( D 


the Versatile 
Torrington 


SPRING 
“COLE 


The versatile Torrington 
Spring Coiler makes springs 
better, faster, cheaper! Ask 
professional spring-makers— 
they'll tell you that Torrington 
Coilers with torsion and 
other attachments give fast, 
accurate production of almost 
any useful spring at low 
cost. Write for catalog or 
quotation, stating wire diameter 
range required. 


MODEL SHOWN: W-11 Segment Type, for wire 
.015" to .072" diameter and up to 42" wire 
length. Coil range (O.D.): 3/32" to 1-9/16 


- TURRIDnIGTOT 


MANUFACTURING COMPANY 
TORRINGTON, CONNECTICUT 
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The models shown here are only the smallest fraction of the | 
great variety of sliding devices made by Grant. Even our [E RA N T I i D I ST R | AL S L | D ds 
catalog tells only part of the story, since countless varieties 
are readily available, using combinations of existing i 
components. Feel free to consult on any sliding problem. Write 4 Represe ntative i 0 d els 
for our Industrial Slides Catalog. Grant Pulley & Hardware 
Corporation, 31-85 Whitestone Parkway, Flushing, N. Y. 


380 SUPREME HEAVY DUTY SLIDE 


Heavy duty three section telescoping 
slide. Continvous ball bearing action 
Locking mechanism available. Sections 
are 14S-Tó aluminum alloy. Specify for 


stainless steel parts and clear anodize 
finish 


Load Capacity: 500 Lbs. per pair 


NO. 317 GRANT HEAVY DUTY SLIDE 


Two section slide with rollers for mov 
ing unit. Ball bearing action. Rollers 
permit full travel if set at front of 
moving unit. Center track aluminum 
alloy or cold rolled steel. Channel .109 


electro zinc. plated steel 


Load Capacity: 200 Lbs. per pair 


| 
| 
| 
| 
| 
| 
I 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
I 








NO. 350 BT SLIDE 


Light duty three section telescoping 
slide. Continuous ball bearing action 
Permits full travel less 1-'/,”. Locking 
mechanism available. Sections 24S.T4 


aluminum alloy 


Load Capacity: 50 Lbs. per pair 


—————————————————————H 





. 390 SUPREME MEDIUM DUTY SLIDE 


Three section telescoping slide. Con 
tinuous ball bearing action. Permits 
travel longer than slide length. Avo 

able for locking in open position and 
with tilting (to 90 degrees) mechanism 
Sections 14S-Tó aluminum alloy. Specify 
for stainless steel parts and clear ano 


dize fin 


Load Capacity: 100 Lbs. per pair 
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synthetic 











Wear Plates * 
FOR Spacers eœ 
Supports 



































Extreme Hardness (MO 
Surface Finish To "O" 


















































BOX 422, QUAKERTOWN 



































RADIAL BALL BEARINGS 
RADIAL ROLLER BEARINGS 
ANGULAR CONTACT BEARINGS 
NEEDLE ROLLER BEARINGS 
THRUST BALL BEARINGS 
THRUST ROLLER BEARINGS 












































MORTON BEARING COMPANY 


recently moved to a new and larger build- 

















ing with additional equipment and person- 








nel. Engineers are experienced in assisting 











customers in bearing design and selection to 








solve individual problems. 








Submit data on your requirements for prompt 





dependable suggestions on engineering, de- 
livery, and prices. A Thrust Bearing Catalog 
will be sent on request. 




















MORTON BEARING COMPANY 
815 Wildt Street, Ann Arbor, Michigan 
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SAPPHIRE « RUBY 


insulators 


Contacts 


Single Homogeneous Crystals 


H-9) 
RMS 


High Dielectric Strength—Non-Porous 
Easily Bonded To Metals 
Ground e Flame Polished e Polished 


Write Today for Full Details 


INDUSTRIAL SAPPHIRE COMPANY 


, PA. 


ANTI-FRICTION BEARINGS 


SPECIAL SIZES AND TYPES 


To meet YOUR space and load requirements 
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(R-12) OILLESS BEARINGS—Ar- 
guto Oilless Bearing Co. Catalog 210, 
20 pp. Points on screw conveyor bear- 
ings, conveyor roll bearings, installa- 
tion instructions, list of standard sizes, 
engineering information, and other 
specifications. Has illustrations, curves, 
and tables 


(R-13) RECORDING & INDICAT- 
ING TACHOMETERS—The Bristol 
Co. Bulletin $1402, 20 pp. A line of 
recording and indicating electric ta- 
chometers for measuring speed of ro- 
tation or travel, processing time, speed 
ratios, sum of difference of speeds, and 
average of speeds. Engineering speci- 
fications and specifications on magnetos 
and types of magneto drives are given. 


(R-14) BALL & ROLLER BEAR- 
INGS—The Gwilliam Co. Catalog 28, 
16 pp. Describes a line of ball thrust 
bearings, step bearings, journal roller 
bearings, industrial roller bearings, and 
special bearings. Has large cross-section 
drawings of each type, together with 
specifications. 


(R-15) SHOCK MOUNTING SYS- 
TEMS—Robinson Aviation, Inc., Bul- 
letin 750, 16 pp. Illustrated the devel- 
opment of all-metal mounting systems 
for the maximum vibration isolation 
and shock protection of electronic 
equipment. Defines shock, vibration, 
and shows the effect of vibration on 
equipment. Has illustrations of all 
types of mounts. 


(R-16) ROLLER BEARINGS—Ber- 
liss Bearing Co. Catalog 522, 16 pp. 
Contains a complete description of, 
and specifications for the bearing se- 
lection for the materials, handling, 
automotive, agricultural machinery, 
and transportation industries. Covers 
rollers, bearings, roller assemblies, 
plus bearing selection data covering 
load speed factor, bearing life, and 
shaft factor. 


(R-17) MICRO PROCRSSED 
SPRINGS—Instrument Specialties Co., 
Inc., Catalog 7, 16 pp. Description and 
illustrations of wide range of com- 
pression springs, brush springs, flat 
springs, strip springs, metal contacts, 
and standard products, all made of 
beryllium copper. Also has table of 
recommended tolerances for springs. 


(R-18) PUSH-PULL CONTROLS— 
Simmonds Aerocessories, Inc., Booklet 
AD-311, 12 pp. Illustrated with pho- 
tos and drawings, the booklet covers 
construction features, types of installa- 
tions, design details, principal compo- 
nents, and layout planning on precision 
push-pull control. Information is given 
for light and standard duty units in 
rigid or flexible housings 


















THE MB MANUFACTURING COMPANY, INC. 


1060 State Street, New Haven 11, Conn. 





| VIBRATION TES 
MB VIBRATION EXCITERS and CALIBRATORS 


Producing results quickly, dependably, and often visually, MB Exciters 
have many important applications. For example: (1) Fatigue testing of 
mechanical and electrical structures to destruction under dynamic loads 
















. . (2) Determination oí noise sources in automobiles, bodies and 
chassis, air conditioning equipment, blowers and similar equipment . . . 
(3) Shake testing of electrical components such as relays, switches or 
radio chassis to determine the ability of components to operate under 
high vibratory loads . . . (4) Determination of damping characteristics 
of rubber, steel, brass, plastics and other materials . . . (5) Identification 
of resonant frequencies and modes. These exciters also provide a con- 
venient means for determining natural modes of wings, stabilizers, fin 
and control surfaces on aircraft structures. 





These exciters are designed to conduct vi- 
bration tests to MIL-E-5272 and 41065-B 
and other specifications. 





MODEL C-25 











Rated Total Power Usable Range 
No. Force Stroke Supply c.p.s 










Model ACS-25 auto- 
matic cyeling system 
for MB Models C-5 
and C-25 Vibration 






10 Ib. V2 in. Electronic 20 to 20,000 











C-31* 25 Ib. V2 in. Electronic 4 to 70,000 






















; a Exciters. Exceeds re- 
1* 50 Ib. V2 in. Electronic 4 to 70,000 quirements of MIL- 
11* 50 Ib. V2 in. Electronic 4 to 70,000 E-5272. Provides for 
3 200 Ib. 1 in. Rotating 3 to 500 (1) Autematic control 













of frequency and ac- 


























i i ii. 
" "e. vm. Rotating 3 to 2000 tude. (2) ‘Automatic 

Us 1 amplitude or acceler- 

-25 2,500 Ib. 2 in. Rotating 3 to 1000 ation control, manual 
C-100 10,000 Ib. Va in. Rotating 3 to 1000 frequency variation 








C-250 25,000 Ib. V2 in. Rotating 3 to 1000 
C-500 50,000 Ib. 2 in. Rotating 3 to 1000 


* Also suitable for calibration of vibration pickups. 


FOR VIBRATION MEASUREMENTS La ao m. 


MB VIBRATION METERS 


Precision Model M-1 and M-3 meters offer complete, compact 
units for vibration measurements when used in conjunction with 
the MB vibration pickup. Provide for accurate readings of 
accelerations, velocities, amplitudes. Simple, rugged, battery- or AC- 
operated, and portable, these instruments are outstanding for quality 
control or research. 


MB VIBRATION PICKUPS 






























Are sensitive to low amplitude vibration . . . can be used with 
wide range of equipment . . . simple field adjustment converts from 
horizontal to vertical use . . . electrically damped . . . maintain 
calibration over wide temperature ranges . . . resonant frequency 


below 5 c.p.s. Several models, including Tvpe 122 which is usable 
at temperatures up to 500°P. 


- FOR VIBRATION ISOL b pm 


MIL-1-5432 (AN-I-l6a) can be met with Isomode* Type 17 vibration isolators 
which are available for loadings of ‘2 to 100 pounds per unit. An outstanding 
feature is the equal spring rate in every directon. 


ISOMODE* INDUSTRIAL-TYPE ISOLATORS—tThese units provide large deflection 
ratings together with high load capacity, small size, and exceptional stability. 
Have equal spring rates in all directions—mount at any angle, absorb vibrations 
for every plane. Unit load-range 50 lbs. to 2500 Ibs. Write for the /somode Design 
Chart 


OTHER TYPE ISOLATORS also available, including units for special applications 
Isomode grommets; mounts with small dimensions. Contact us on your specific 
requirements 
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E, SPECIAL TUBING 


Co OILERS 


For high volume production or 
small quantity runs, our complete, 
modern facilities are at your dis- 
posal for any special formed tub 
ing you might require 


BENDING — FLARING 
SWAGING — ASSEMBLING 


Our engineering department will 
help develop special designs, sub- 
mit samples and quote on your 
tubing requirements, special lubri- 
cating devices and oilers. We al- 
ways maintain a large stock of 
standard oilers at the Detroit 
factory 





WRITE FOR CATALOG 


Our new catalog is designed for your 
purchasing and engineering needs. ll- 
lustrates and gives complete data on 
all standard oilers. Send for your copy 
today 


EYNON-DAKIN COMPANY 


9911 FREELAND AVE. DETROIT 27, MICH. 


TELEFLEX 


MECHANICAL REMOTE CONTROLS 


Unlimited Rotary Motion— Meshing of 
Teleflex screw-type Cable with specially 
hobbed gears housed in Teleflex Control 
Boxes permits unlimited shaft rotation. 





Efficiency—The unique construction of 
Teleflex Cable provides control systems 
that operate efficiently in both tension 
and compression. 


Minimum Lost Motion—Close toler- 
ances held between Teleflex Conduit and 
the Cable reduce snaking of the cable 
within the conduit. 


Flexibility —'Teleflex conduit and cable 
can be routed around obstructions and 
through areas where space is limited. 


Ease Of Installation — Teleflex Controls 
are assembled on-the-job from standard 
Teleflex parts. Prefabricated controls are 
available for short run controls. 


















Engineering data for calculating operat- 
ing loads and backlash is available upon 
request. 


Write now for our latest brochure 302B 


TELEFLEX INCORPORATED 


125 So. Main Street No. Wales, Pa. 











Product 


(R-19) ROTATING MECHANI- 
CAL SEAL—Durametallic Corp. Bul- 
letin 455, 12 pp. Presents data on ap- 
plications, plus large cutaway vicws of 
a mechanical seal that rotates with the 
shaft, and is designed for use with 
centrifugal and rotary pumps, auto- 
claves, agitators, blowers, and other 
rotating equipment 


(R-20) MECHANICAL SEALS 
The Crane Packing Co., Booklet, 10 
pp. Discusses the fundamental design 
principles of the end-face mechanical 
seal, with cross-sectional drawings to 
help illustrate each point. Types of 
mechanical seals discussed are: general 
purpose seals, automotive water pump 
seals, cartridge type high-production 
unit seals, high-pressure hydraulically 
balanced seals, seals for corrosive high- 
temperature service, and highspeed 
closures 


(R-21) VIBRATION ISOLATORS 

The MB Mfg. Co., Bulletin 410B, 
12 pp. Illustrates: fundamental mo 
tions of vibrating bodies; structures 
for combating it, and using the elas- 
ticity of rubber. Has large selector and 
design charts and also includes com- 
plete specifications, and description of 
the vibration exciter, calibrator, and 
pickups 


(R-22) BELLOWS TEMPLATE KIT 

The Clifford Mfg. Co. 5 pp. A new 
short cut for reproducing the many 
convolutions of metal bellows consists 
of a kit of bellows template, covering 
the 20 most popular bellows sizes. The 
selected template IS placed under tra 
ing paper, and reproduced 


( R-23) BALL BEARINGS -—Nice Ball 
Bearing Co. Catalog 150. Listings 
cover: standard radial thrust, and com 
bined radial-thrust bearings of both 
precision and unground types, and in 
clude several new lines. Special bear- 
ings, ball bearing rollers, sheaves and 
wheels are included 


(R-24) SELF-ALIGNING ROLLER 
BEARINGS—tThe Torrington Co. Bul 
letin 200-C. Has spherical roller bear- 
ing width tolerance chart; thread, 
locknut and lockwasher data; and in 
terchangeability chart. Also lists: life 
expectancy; capacity ratings; life fac 
tors; installation and service factors; 
speed data; loads; fits; and lubrication 


(R-25) PRECISION METAL PARTS 


The Torrington Co. Booklet, 4 pp. 


Illustrations of the many small parts 

that are made to close tolerances. Some 

of the parts described are: special pins 

and pivots; rotary swaged rods; screw 

driver blades: wires and tubing in all 

kinds of metals; mandrels: punches 
| wr 


ibrasive points; and polishing 
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Advertisement 


Exclusive Techniques and 
Services for Better 
Design, Increased Output 
—at Lower Cost 


Micro-Processing is an advanced 
technique, exclusively developed by 
I-S, which permits greater design lati- 
tude—because the springs are tem- 
pered after forming. Combined with 
the extraordinary spring properties of 
beryllium copper, M/P assures an ex- 
tremely high degree of uniformity. 
Comparison with conventionally-made 
springs has shown M/P to be 2 to 10 
times more accurate. With this exclu- 
sive technique, we consistently predict 
and rigidly control the critical shapes, 
dimensions and elastic properties de- 
signed for your specific application. 


Thousands of applications by lead- 
ing manufacturers of electronic and 
electrical equipment have proven the 
economy—of both time and actual 
product cost—obtained through using 
I-S Micro-Processed beryllium copper 


springs. 
Quality-Control 


To assure the high standards of uni- 
formity set for all I-S springs, each 
coil of beryllium copper strip and wire 
is laboratory tested and certified be- 
fore using. Rigid inspection proced- 
ures are maintained at every phase of 
the processing and fabrication. 


Free Engine ering Se rvice 


The specialized experience and 
knowledge of our engineering staff is 
at your disposal on any problem of 
spring design. Often you can affect 
considerable economy through our 
knowledge of spring fabrication. Then, 
too, our vast experience in limitations 
of functional properties in spring de- 
sign helps you meet your production 
deadlines. There is no cost or obliga- 


tion for this service. 
I-S Short Ru Service 


For pilot model testing, “small-fry” 
orders . . . You can easily and eco- 
nomically check your design perform- 
ance with regular production line 
springs of beryllium copper—without 
the cost of regular production quanti- 
ties, or without resorting to inaccurate 


handmade springs. 


Our Short Run service was organ- 
zed expressly to handle small quantity 
production at low cost—on springs 
made specifically to your own design. 
Ask about this service—it’s prompt 


ind economical. 


Instrument Specialties Co., Inc. 


234-B Bergen Blvd., Little Falls, N. J. 
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Micro-Processed 


Beryllium Copper Springs 


to help solve your radio-electronic problems 





E FINGER CONTACT STRIPS . . . for elec- 
tronic equipment—available in a vari- 
ety of contours without tool cost. Length 
—width—mounting holes—and finish 
optional. For information— Write 


for Bulletin B-52. 





Wi COIL SPRINGS . . . the finest available 
combination of high strength and uni- 


formity. Made 


Instrument Specialties company, inc. 


l6 234-A BERGEN BOULEVARD, LITTLE FALLS, NEW JERSEY 


to your specifications, 


EE ENGINEER'S MICROWAVE KIT . . 
in development work. Contains 9 beryllium copper, jig- 
hardened circular contact rings and 6 finger contact strips. 


Bi CONTACT RINGS . . . stondard—and 
made to order. Truly circular—to in- 
sure equal pressure from all fingers. For 


information — write for Bulletins 
C-52 and D-52. 


@ MINIATURE SOCKET AND PLUG BOARD 
CONTACTS . . . produced with automatic 
tooling. Pressure on plug pins and tab 
ductility controlled within close limits, 


@ ENGINEER’S ASSORTMENT . 


































. 100 beryllium 


copper helical compression springs 50 


pairs—all different 


Telephone Little Falls 4-0280 


. Saves time and money 






































FLAT BOTTOM 




























KEYS-ALL TYPES - COTTER PINS 
TAPER PINS - STRAIGHT PINS 


better carbon steel ball! 





eS 


| Bee STANZARD 


ond PRICES 
























FOR FARM AND INDUSTRY 


Over 65 years in wheel manufacturing 








have given us the "know how" — 
modern production methods assure 
long life and efficient wheel 








performance in the field. 


There is an ELECTRIC spoke or 
disc wheel for most types of portable, 
equipment. Axles are available 











Terminal Nuts 
Oval Ball Knobs 


dd 1 Instrument Knobs 
wheel and axle problems and Knurled Knobs 








Our experienced engineers are 





ready to assist you in solving your 




















we will offer our recommendations upon Pusb Button Kuobs 








receipt of your specifications. 














WRITE FOR CATALOG 


ELECTRIC WHEEL CO. 












Precision & Uniformity 
woes | UZAE 
x. The Armored Hea 


Abbott Carbon Steel Bearing Balls meet Industry's most 
rigid requirements. Each is a model of precision, unsur- 
passed for sphericity, size tolerance, depth of case and 
other essentials of fine carbon steel bearing balls. 
Equally important, Abbott Balls are known to thousands 
of users for their uniformity and constant adherence to 
specifications. Specify Abbott... you can't ask for a 







MACHINE RACK e. SPECIAL PARTS *ONLY Abbott makes The BALL with The Armored Heart—the carbon 
steel bearing ball which is DEEP HARDENED and TEMPERED for maxi- 





|= KOOLHEAD Foundry Chill Nails mum life, shock resistance and load-carrying ability. 
WRITE FOR THE ABBOTT CATALOG-MANUAL 


The ABBOTT Ball Compan 


OSE MAIL CORP 55 RAILROAD PLACE | 
emn HARTFORD 10, CONN., U. S. A. 


«5 


Tg m 
even dite by DIMCO-GRAY 


NO TOOL CHARGE! 
where required. PROMPT DELIVERY ON... 


Round Ball Knobs 


Knurled Hand Wheels 
Tapered Handles 


Standard Army-Navy Instrument Knobs and Terminal Boards 


OwG. NOS. 46A42256. 47A40527. 46842258. 5 


Write for Complete Cafalog! 


2816 CHERRY, QUINCY, ILL. DIMCO-GRAY COMPANY 


206 EAST SIXTH STREET 






DAYTON 2, OHIO 
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lowable thrust loads, and safety rpm 
limits. Also applications covering self- 
locking ring types, basic ring types, 
rings for taking up end-play and rings 
applied radially. 


(R-6) THERMOCOUPLE ASSEM- 
BLIES— Leeds & Northrop Co., Cata- 
log EN-S2, 44 pp. Titled "Thermo- 
couple Assemblies, Parts and Accesso- 
ries’, it offers information on available 
couples and couple assemblies for gen- 
eral applications, and includes a sec- 
tion on special couples for plant and 
laboratory use. Also lists accuracy lim- 


its of couples, temperature and physical | 


limitations of thermocouples, and pro- 
tecting tube materials. 


(R-7) HERMETIC 
INGS—Heldor Bushing & Terminal 
Co. Inc, Bulletin, 42 pp. Contains 
many engineering drawings, and parts 
lists for a variety of compression-type 
hermetic seal bushings. Also has stud 
and washer specifications, regular and 
convoluted steatite specifications, gland 
specifications, and case and cover as- 
semblies 


SEAL  BUSH- 


(R-8) CARBON GRAPHITE PARTS 

Pure Carbon Co. Inc., Bulletin 52, 
32 pp. Includes complete technical data 
on properties, description of grades, 
methods of attachments, table of aver- 
age characteristics and chart of expan- 
sion of various metals, as compared to 


pure bon carbon materials. Describes | 


the use of materials for bearings and 
seal rings and for turbine shaft packing 
rings, pistons and piston rings, pump 
and compressor blades, valve seats, me- 
ter pistons and half balls, and trolley 
wheels and shoes. 


(R-9) DIAL 
Marsh Instrument Co. Catalog 76-T, 
30 pp. Gives complete specifications, 
line drawings, templates and dimen- 
sional charts for each individual dial 
size type. Discusses movement and con- 
struction of each 


(R-10) 
Aerol Co. Inc., Bulletin 301-25M, 24 
pp. Complete data, specifications, cut- 
away views, and engineering drawings 
of aluminum industrial wheels and 
casters. Discusses general purpose; me- 
dium duty; pneumatic; and heavy duty 
wheels; and types of bearings used 


(R-11) DIAL THERMOMETERS 
Tavlor Instrument Co., Bulletin 98214, 


24 pp. Describes the latest develop- | 


ment in 6 in. dial indicators for tem- 
perature, pressure, and load applica- 
Has data and illustrations of 
features, dials, and scales available, and 
different types of actuation. Recom- 
mended applications for each of the 
various indicators are listed. 


tions 


Remember! 


THERMOMETER— | 


WHEELS AND CASTERS— | 
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You can achieve the sealing efficiency you want . . 
work unhampered from drawing 
board to production—when you work hand-in-hand with “John 
Crane’s” experienced engineering staff and available facilities. 

Get quick, finger tip information on “John Crane’s” complete 
line of high production mechanical seals—for every conceivable 
service—to meet your particular needs. Send now for illustrated 


specification problems . . . 


technical catalog. It's your's upon request. 





TYPE 11-A 


Pressed-in 
packaged unit with 
spring inside 
synthetic rubber 
bellows to protect 
against corrosion. 
For hot or cold 
water, oil, gasoline 







pressures to 35 psi 
.. . temperatures 

from —65^ F. to 
+212° F. 


or soapy liquids... 


eh 4unap epp pu e o am en b am am p E RE eee 


Crane Packing Company, 1837 Belle Plaine Ave., Chicago 13, Illinois 


CRANE PACKING COMPANY 


. eliminate 


































TYPE 6-A 


Pressed-in 
packaged unit 
recommended for 
small shafts on hot 
or cold water, oil, 
gasoline or 

soapy liquids... 
pressures to 75 psi I 


i $ 
. «+ temperatures : q 





from —65° F. to 
+ 220° F. Available 
in stainless steel or 
bronze. 


TYPE 19 


An all-purpose 
seal suitable 
for handling 
practically any 
liquid or gas, 
including highly 
corrosive acids 


and oils. 
Low or high temperatures from — 100° F. to + 
450° F.... pressures to 200 psi. Incorporates 


highly efficient sealing cones made of 
Du Pont's Teflon, which is inert to practically 
all chemicals. 







































































































































































































































































































































































































































































NEW BOOKS 


Structural Adhesives. Lectures giv- 
en at a school conducted by The 
Aero Research Ltd., Duxford, Eng- 
land. 8 x 10 in., 203 pp. Lange, 


Maxwell, & Springer, Inc., 420 
West 45th St, New York, N. Y. 
$4.20. 


With charts, diagrams, illustrations, 
and tables, this book consists of a 
series of lectures of the technology of 
synthetic-resin adhesives. Specific ap- 
plications are discussed in two sections: 
idhesives in engineering, 
manufacturing, and allied 
covering metal bonding, bonding of 
ceramics, and the like. Also adhesives 
in the wood working industries, cover- 
ing gluing, glued joints, etc. Introduc- 
tory chapters discuss the chemical 
fundamentals of various adhesive ma 
terials, the strength of glued joints, and 
other basic ideas. Of particular value 
to those engaged in the aircraft and 
il industries 


C lec tric al 
industries, 


1 
ICctricc 


Aircraft Welding by Col. Rollen H. 
Drake. 6 x 9 in. 254 pp. The Mac- 


millan Co., 60 Fifth Ave., New 
York 11, N. Y. 

One of a series of books on aircraft 
mechanics, Aircraft Welding covers 
The general properties of metals; iron 


and iron alloys; welding aluminum and 
its alloys; principle metals used in air 


craft structures; heat treatment: tech 
nical drawings; methods of welding 


fundamentals and techniques 
used in aircraft welding: e welded 


joints; brazing, bronze welding 


joints 
testin 
solder 
ing; welding copper and copper alloys 
hard 
other helpful 


castings, corrosion-resistant allovs 
surfacing and many 
ains 326 illustrations 


topic s. € ont 


Fasteners Data Book. Published b; 
The Industrial Fasteners Institute. 
3648 Euclid Ave., Cleveland 
Obio. 8 x 10 in., 208 pp. $3.75. 


This — of da 


15, 


ta on the en 





gineering and ap ation of industrial 
fasteners—bolts, nuts, rivets, screws 
and special headed and threaded prod 
ucts—has been selected and reprinted 
from issues of Fasteners, a publicatior 
issued regularly by the Institute. Th 


articles bear directly the design 


and usc of fast ncrs ind if writt 


F78 


upon 








Fastening and Joining 











by men with experience in each par- 
ticular topic. 
A few of the papers are: How Tight 


Should a Bolt Be; Heat Treating; 
Physical Properties of Automotive 
Bolts; Bolt Stress Measurement by 


Electrical Strain Gages; Metal Fasten- 
ings in Wood Construction; Hi-Shear 
Rivets; Cold Heading Improves Ma- 
chine Parts; Predicting Bolt Tension; 
Standard Tests for Bolts & Nuts; Sems; 
Cold Forged Inserts; Safety Factors in 
Screw Thread Assemblies; Do Rivets 
Retain Their Initial Tension; Specialty 
Fasteners or Gadgets; and many others. 


Mechanical Fastening Methods For 
Aluminum. Published by the Rey- 
nolds Metals Co., Louisville 1, Ky 
6 x 9 in. 136 pages. 


In addition to welding, brazing, and 
soldering, a wide variety of mechanical 
fastening methods are used to join as 
semblies involving aluminum parts 
This book has data for the designer 
and manufacturer on the various types 
of mechanical joints and fasteners for 

with aluminum 

Under the heading of 

Rivets it covers the design of riveted 
joints, with line drawings showing the 
various types and formulas for com 
puting the various strengths. Also, with 
many illustrations, it discusses the fab 
ricating of riveted joints. A largely pic 
ture-caption type section discusses the 
types and application of special rivets 

The many types of nuts, bolt heads 
screw heads, and types of threads are 
illustrated and alone with 
illustrations of their manufacture 
The remaining informative chapters 

on: special screw fasteners; 
and pins; metal stitching; mechanically 
formed joints; and resin tables 

At the end are 17 tables pertaining 
to the discussions in the chapters pr 
viously listed 


usc 


Standard 


discussed 


arc nails 


Modern Steel Bolting for Piping 
and Pressure Vessels. Paper No. 52- 
PET-7. Published by The American 


Society of Mechanical Engineers, 
29 West 39th St., New York 18, 
N. EX. 


The paper was 
designers 


prepared for use by 


the who select bolting for 


Product 











piping and pressure vessel service. It is 
directed toward a practical understand- 
ing of the many specifications and 
grades, their field of application, and 
their current availability. To this has 
been added a brief summary of the 
thinking behind the allowable design 
values in the codes, and a discussion 
of design problems and field assembly 
practices. Also included at the end are 
several charts on Bolts and Studs, Nuts, 
and Flange Material and ASA Flange 
Ratings. Details given with the bolts 
and studs, and nuts are: type of ma 
terial; grade; chemical composition; 
minimum tempering temperature; and 
minimum tensile requirements. 


Welding Aluminum Published by 
the Reynolds Metals Co., Louisville 
1, Ky. 6 x 9 in. 184 pages. 


Intended as a handbook on welding 
aluminum rather than a book on weld- 
ing alone, it supplies the engineer, al- 
ready familiar with the welding of 
other metals, with information on the 
welding, brazing and soldering of 
aluminum 

Complete descriptive data, along 
with a section of 35 tables at the end 
of the book, the following subjects are 
discussed: processes suitable for alu- 
minum; aluminum alloys; gas welding 
aluminum; the types of arc welc ling of 
aluminum; flow welding; stud welding 
aluminum; induction welding; resist- 
ance welding, including spot, projec 
tion, seam, flash, and percussion; upset 
welding; and pressure welding. Under 
brazing: torch, furnace, salt bath dip, 
induction, and resistance brazing 


Involute Splines. Paper B5.15. Pub- 
lished by The American Society of 
Mechanical Engineers, 29 West 


39th St., New York 18, N. Y. $2. 


and effec 
diameter fits, 
flat root and 
t^e fillet root types, basic measurements 
between and pins, special pin 
measurements, and hob and broach di- 
mensions. There are provisions for al 
lowable errors, formulas for calculating 


Tables give dimensional 
tive clearances, minor 
dimensions for both the 


over 


pin measurements and torque capaci 
and suggestions for placing di 


tes, 


mensions and data on drawings 
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SECTION © 


Fastening and Joining 


Processes 


Power 
Transmission 


Fastening aad 
Joining 


Motors, Engines 
and Controls 


Electrical 
and Electronic 
Components 





SECTION G—FASTENING AND JOINING 


How The Unified Screw Thread System Will Be Revised 


Small Rivets for Big Jobs . 


How to Design Parts That Assemble and Lock by Twisting 


How Service Requirements Govern Design of Brazed Joints . . 
Methods of Attaching Glass to Metal Structures . 

Cold Welding of Aluminum . 

Fundamentals of Resistance Welding 

Information on Pressure Type Connection 


Developments to Watch 
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How the 
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From: THE MACHINIST, London 


Unified Screw Thread System 


Will Be Revised 


After a three year trial period the Unified Screw Threads System, instituted 


by The United States, Great Britain and Canada, is about to be revised, Additional 


specifications, especially those dealing with aircraft fasteners, are being drafted for industry-wide 


comments and corrections. Here are some of the changes that 


T. AFFLECK 
Technical Manager 
Action Bolt Ltd 
AS A RESULT of experience gained dur- 
ing the trial period since publication 
of the Unified Screw Threads specifica 
tion in 1949, certain modifications and 
revisions are to be made. Only one 
amendment has been made up to date 
and that altered the pitch of the 
l^ in. coarse thread from 12 to 13 
threads per inch (tpi) 

Another pitch change being consid- 
ered is in the 1 in. dia thread that was 
unified at 12 tpi instead of the Ameri- 
can National Fine series (ANF) of 14 
tpi. Indications are that it will be 
changed to 14 tpi as American and 


alternative to the radiused crest. 


Effect of cutting thread on 
moterial below moximum dig. 

using chosers with radius ` 
root "T 












FIG. 1 


are proposed by the joint committee. 


Fig. 1—Most important modification suggested is in thread form. Sug- 
gested change is permission to use the flat crestscrew thread as an 


Product Engineering — 1954 Annual Handbook 


British firms are still using the ANF 
thread pitch. 

One of the most important modifi- 
cations relates to thread form. How- 
ever, this change is more of a new in 
terpretation of maximum and minimum 
metal conditions for the 
threads than an actual change 


external 


Crest Form 


As originally agreed, Fig. 1, the crest 
of the external thread was to be radi 
used. Since then, proposals have been 
made to allow the use of the American 
flat crest as an alternative. The use of 
two crests creates the possibility of in- 
terference at maximum metal condi- 
tions between the American flat-topped 





"TS 


4 N 
? N 
4 
"Radius in root 
mandatory 
Mii a 
minor dia. 





external thread and the British internal 
thread with a radius in the root equal 
to 0.108 p. The interference, Fig. 2, is 
negligible until large diameters and 
oarse pitches are used 

It is now suggested that in the maxi 
mum and minimum metal condition th 
crest of the internal thread can be flat 
Then, the crest of the external thread 
can be anywhere between these boun 
daries, Fig. 1. Associated with this 
change is the alteration of the 0.108 p 
radius in the root of the internal thread 
to a form, Fig. 3, that will clear the 
p/8 flat of the crest of the external 
thread. 

An advantage of the flat crest is that 
it removes any ambiguity about the 


Fig. 2—The interference zone is caused by an 
American flat-topped external thread mating 
with a British internal thread with a root radius. 


























































































































































































































































































































































































































































































Present internal threod 





shape of the crest. Radiused crests hav 
the advantage of not being as casil 
damaged and have less of a chance of 

having a build-up of plating on corn 
Although the flat crest is almost cer 

tain to be included in the revised spx 
fication as an alternative there 
nsiderable production of the radiused 

n Britain and also in Amer 


will b: 


Small Sizes 

Progress is being made in the uni 

n of screw threads below 14 in 

rtain diameters and pitches have 
agreed upon. These are No. 4-40 

N 6-3 No. 8-32 and No. 10-32 
N 10-24 is included but not pre 
Tolerances for these sizes will 
ibly be 2A for the external thread 
B for the internal thread. (Sec 
Product Eng Handbook for 


inéerin g 


Aircraft Standards 

Work has advanced rapidly in th 
lardization of aircraft 
Table I lists those 

onents that have been drafted and in 


fastening 
ponents con 
instances proofs have been pre 
pared for industry-wide comments 
hexagon bolts and 


have reached the first 


Unification of 
its for aircraft 


roof stage and differ as far as the 
concerned from the con 
British 


thought the 


xagons are 
ial standard for some sizes 


rait manut acturers 


ss flats dimensions on the 7/16 and 
16 in. dia bolts were not large 
gh to give sufficient bearing area 
r the head. For these sizes the 


ross flats has been increased to th« 


iCensioOn as for 


the cross flats 
the commercial nuts 
A considerable amount of work has 
be done on the countersunk 
i : 


tersunk, binding head and 
bolts ] although thes 

s will be based on the co 

ndard there is a good deal 





Fig. 3 


external thread. 


D, 
cleor B fiat 


















Unspecified form to 
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Table I—Proposed Unified Aircraft Fastener Specifications 


Steel bolts (Unified hexagons and U.N.F. threads). 

Corrosion-resisting steel bolts (Unified hexagons and U.N.F. threads). 
luminum alloy bolts (Unified hexagons and U.N.F. threads). 

Steel nuts (Unified hexagons and U.N.F. threads) ordinary, thin, 


slotted and castle. 


Corrosion-resisting steel nuts (Unified hexagons and U.N.F. threads) 


ordinary, thin, slotted and castle. 


Aluminum alloy nuts (Unified hexagons and U.N.F. threads) ordinary 


and slotted. 


Steel bolts (Unified hexagons, U.N.F. threads and close tolerance 


shank) 


Steel shear bolts and nuts (Unified hexagons and U.N.F. threads). 
Countersunk head steel bolts (U.N.F. threads). 

Countersunk head corrosion-resisting steel bolts (U.N.F. threads). 
Countersunk head aluminum alloy bolts (U.N.F. threads). 

Raised countersunk head steel bolts (U.N.F. threads). 


Raised 
threads). 


countersunk head 


corrosion-resisting 


steel bolts (U.N.F. 


Raised countersunk head aluminum alloy bolts (U.N.F. threads). 
Binding head steel bolts (U.N.F. threads). 

Binding head corrosion-resisting steel bolts (U.N.F. threads). 
Binding head aluminum alloy bolts (U.N.F. threads). 

Mushroom head steel bolts (U.N.F. threads). 

Mushroom head corrosion-resisting bolts (U.N.F. threads). 
Mushroom head aluminum alloy bolts (U.N.F. threads). 





of uncertainty as to the angle for the 


ountersunk and raised countersunk 
screws. 
From recent discussions it 1S evident 


that there is a trend to tighten up flush- 
ness and diameter tolerances on coun- 
tersunk screws as they are largely used 
for wing skin fasteners. Gaging meth- 
ods are being developed to control 
flushness tolerance to about 0.004 in 
countersunk 
Commercial machine screw tolerance is 
Also 


more closely 


on l4 in. dia screws 

0.014 in. for a l4 diameter 
head diameters are to be 
: P» 
yntrolled and the land at the periphery 

the head is to be made narrower 
t now being made to 
ide these tolerances 


One of th 


Investigations are 


differences be 


major 


Interference could be stopped by altering the radius in the root of 
the internal thread to a form that will clear the 


flat of the crest of the 








Proprosed internal threod 


British and American aircraft 
fastener specifications is the dimension- 
ing of the threaded length and bearing 
length. The British standards for bolts 
places importance on the plain length 
which is interpreted as the distance 
frorn the leading face of a nut, un- 
chamfered in the bore, screwed up as 
far as possible by hand. 

The specification will probably fol 
low the American standard and the 
British specifications will be altered as 
shown in Fig. 4. This will not change 
the accepted British method of measur 
ing but will modify the dimension so 
that, allowing the run-out of the 
thread to be two pitches maximum, the 
nominal bearing length is in accord 
ance with the American interpretation 


tween 






Fig. 4—Proposed modification of British 
specification to match unified specifica- 
tion for bearing length. 


+0.03" 
Spec. dimension ' oo" 









Mox run out of twice the 
pitch of the threod 


Exomple.— 


ISN bolt = 4,” bolt mith bearing length 1.5" dimension + 
specification measured with std. nut unchamfered in 


bore will be 15" + 2p, = 15" + 0.10, =/.6" 











~--- Face of nut 








Table Ill—Unified and American Screw Thread Series 


Index by Diameters and Pitch 
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* For diameters over 134 in., use 12-Thread series. 
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a particular thread, see dimensional tables. 
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Small Rivets for Big Jobs 


How to use tubular, semi-tubular, and small diameter rivets for joining 


ROBERT M. GORDON 
The Milford Rivet & Machine Company 
RIVETING, one of the oldest methods 
of fastening metal parts, is also one 
of the most economical. Not only is 
the cost of the rivet itself less than 
most types of threaded fasteners, but 
the design of high-speed riveting ma 
chines with automatic hopper feeds 
and work handling equipment has ad- 
vanced to the stage where the entire 
process is competitive with or cheaper 
than many other joining methods 
In addition to low cost and speed 
of application, small tubular and semi- 
tubular rivets, can be used to advantage 
when joining assemblies comprised of 
non-uniform thickness and dissimilar 


non-metallic materials 


Basic Types of Tubular and 
Semi-Tubular Rivets 
The tubular rivet is either extruded 


r drilled, the former being limite 


low cost, high production assemblies. Design tips to insure good joints 


pacity of the manufacturers equip- 
ment. While somewhat stronger than 
drilled types, it cannot readily be made 
in some highly alloyed ferrous metals 

venit rivets also are character- 
ized by the shape of the hole, which 
is tapered to provide the necessary 
draft to strip the rivet off the extrud- 
ing pin. Some taper is always necessary, 
although the amount can be so small 
that walls are nearly parallel 

These semi-tubular — sometimes 
shallow drilled rivets — are perhaps 
the most widely used of all types. 
They are used for assemblying plas- 
tic, wood, sheet metal, and aluminum 
whenever holes have been punched 
prior to setting and whenever the full 
shear strength of the fastener is re- 
quired 

Drilled rivets, as indicated above, 
can be either deep or shallow drilled 
The deep drilled or full tubular type 
has a cavity extending practically to 


a cavity only sufficiently deep to allow 
setting or clinching. 

The full tubular type is best suited 
for use with materials such as plastics, 
leather, canvas, or wood, in which the 
rivet must pierce its own hole. The 
deep drilling allows the slug of ma 
terial to compress inside the rivet, pro- 
viding sufficient metal for clinching 

A third class of rivet is the bifurcat 
ed or split type. The manufacturing 
operations used to make these parts 
produce rivets which are identified as 
“sawed” or “punched.” The broach- 
ing or sawing operation produces a 
stronger rivet inasmuch as the prongs 
or legs are not distorted. This charac 
teristic makes it ideal for piercing fibre, 
wood, or thin gage sheet metal. It has 
been used successfully in piercing steel 
assemblies having an approximate 
overall thickness of 0.040 in. The 
punched rivet cannot be used in the 
heavier applications with as much suc- 



















































as to length and diameter by the ca- the head, while the shallow type has cess. However, it is suitable for card 
4 
TABLE II — RECOMMENDED HOLE 
EXTRUDED | Maximum | Hole i 
A B C D! Dp | E | Clinch | in - 
Allowance Work 
* e- eaa a NE a A E oa tE C 
c 0.059 0.125 0.023 0.038 0.045 | 0.044 0.040 | 0.064 
0.087 | 0.146 | 0.024 0.056 0.067 0.065 0.060 | 0.093 
0.087 0.160 0.024 0.056 0.067 | 0.065 0.060 | 0.093 
0.097 |- 0.187 | 0.032 0.063 | 0.074 0.072 | 0.068 | 0.104 
A 0.120 | 0.218 0.033 0.078 | 0.093 0.090 | 0.084 0.128 
E 0.120 | 0.281 | 0.042 0.078 | 0.093 | 0.090 0.084 | 0128 — | 
m 0.144 | 0.281 | 0.042 | 0.094 | 0.110 0.108 0.100 | 0.154 { 
0.144 0.312 0.045 0.094 | 0.110 | 0.108 0.100 | 0.154 — 
0.144 0.375 0.062 0.094 0.110 | 0.108 0.100 | 0.154 — é 
4 p? h- 0.184 0.312 | 0.062 0.1200 0.140 | 0.138 0.125 A o 
A 0.184 0.375 0.062 0.120 0.140 0.138 | 0.125 0.191 





DRILLED 
















































board, canvas and lighter piercing 
operations. 

The full tubular and bifurcated riv- 
ets are often clinched into a cap to ob- 
tain the same general appearance on 
either side of the riveted part or to 
obtain a stronger assembly and also a 
smoother and neater surface. 

Finally, a fourth basic type of tubu- 
lar rivet is formed from a combination 
of a deep-drilled part and a solid or 
blank rivet. The relative sizes of the 
drilled hole and blank diameter are 
combined in such a manner as to pro- 
duce a compression or press fit. This 
combination produces a fastener which 
has the same appearance on each end 
and is ideal for cutlery or utensil as- 
semblies where the heads must fit 
closely in counterbored holes, so as 
not to allow food particles or dirt to 
collect. Also, since the driving force 
can be closely controlled, the compres- 
sion rivet has little tendency to split 
wood or plastic base materials 

All of the above types of rivets, illus- 
trated in Fig. 1, fall under the general 
classification of oval head rivets 


Rivet and Joint Design 
Requirements 
Once the correct type of rivet has 
been selected, the correct tools must be 
employed in the setting operation 
Before attempting to analyze the 


SIZES 
HOLE 


tools, it is necessary to know the type 
of clinch or set required of the various 
rivets. Semi-tubular rivets ordinarily 
are "roll-set." This clinch can be 
formed directly against the work, or a 
washer, or as in some cases, away from 
the base stock so as to form a pivot pin 
or axle. 

Deep drilled or full tubular rivets 
are usually "star-set." This particular 
tool is made in the form of a rosette 
or star which cuts the rivets, usually 


G FASTENING AND JOINING 


into 6 or 8 even segments. The deep 
drilled rivet generally punches its own 
hole, being driven and clinched in one 
operation. 

The bifurcated rivets are usually set 
by driving them against a solid tip, 
inasmuch as they normally pierce the 
work. The protruding prongs are 
formed in the solid tip, forming back 
into the work to provide as smooth a 
clinch as possible. The caps are held 
in a solid tip and the piercing tubular 





ADVANTAGES 
1. Production rates are high. 


LIMITATIONS 


or welded assemblies. 


AND CLINCH ALLOWANCES 


Table I—Advantages and Limitations of Riveted Joints 


r. Parts, once fastened, cannot easily be disassembled. 
2. The tensile and fatigue strengths of joints made with split, 
tubular, or semi-tubular rivets are considerably lower than bolted 


3. Joints normally are neither watertight or airtight. 
4. Protruding rivet heads may be undesirable in food machinery, 
chemical equipment, or other sanitary assemblies. 
























2. Initial and maintenance costs for equipment are low. 

3. Either metallic or non-metallic materials can be joined. 

4. Dissimilar metals and assemblies having a number of parts with 
non-uniform thickness can readily be fastened. 

5. The fastener, being a cold-headed part, has the uniform grain 
structure and inherent strength of a forging. 

6. Unskilled labor can be used to operate equipment. 

7. The rivet can be made of a variety of materials ranging from 
Monel or Iconel to lead or zinc. 

8. The rivet can be used not only as a fastener but as a pivot, 
cam follower, electrical contact, or other functional component. 

9. There is no heat distortion or crystallization of the base metal 




































































"—— COMPRESSION | MALE Es ^Y SM TUNS 1 CEPS 
(Cuttery) F Jua Nom a. | | | 
| Expanded* | Hole Thru* | Hole Thru* 

E A B C A | B | C Diameter Work Blade 
ee 0.125 0.250 0.044 0.151 0.250 0.044 0.162 0.172 0.168 
: — Á—€ — —— — - — — — — — - m - 
| 0.125 0.312 0.044 0.151 0.312 0.044 0.162 0.172 0.168 
f 0.125 0.343 0.044 0.151 0.343 0.044 0.162 0.172 0.168 
t venanen a a a cites appi raid Š d 
1 0.125 0.375 0.044 0.151 0.375 0.044 0.162 0.172 0.168 
0.144 0.312 0.050 0.195 | 0.312 0.050 0.206 0.216 0.212 
Bac! 0.144 0.343 0.050 0.195 0.343 0.050 0.206 0.216 0.212 
4 ——— | an — — — — — — —- — — — _ —À 
E 0.144 0.375 0.050 0.195 0.375 0.050 0.206 0.216 0.212 

— Se. \|———_— 7 - = — "A 
l 0.144 | 0.437 | 0.050 || 0.195 | 0.437 | 0.050 | 0.206 0.216 0.212 
— | | Í 
, BIFURCATED A | B C | Clinch 
lenit | | Allowance 
; €—————————————— | XXX 
m 0.091 | 0.148 0.022 | 0.106 
| — oa — 
——— 0.080 | 0.156 0.022 | 0.093 *Expanded diameters are subject to wide varia- 
) ww IE ENR ESEESE 

i | rivi 1ameters c caretu 
nie. 0.118 | 0.218 0.034 | 0.125 n iP ou y 
t _ — —— 
doin 0.118 | 0.312 0.055 0.125 
: has 
ii 0.156 
7 
0.156 
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Poor 
Edge Clearance 
Making the joint too close to 
the edge does not permit solid 
positioning of riveting tool 


Flange Clearance 
A joint close to a flange moy 
interfere with the riveting 
operation 





Good Good 


Pivoted Joints 


Three ways of forming are about equally as good,aiso 
the use of a washer or a shoulder rivet is generally preferred 





Channel Sections 


Angulor Sections 


Moving the rivet hole from under the section 
simplified the riveting operation 


- 


» 
Ly} 


e 



























Deep channels should be sufficiently wide to provide clearance for the jows Best 
design specifies rivet head be against outside member to keep tools in clear 





or split rivet is clinched into the cap. 

Variations of these anvils are end- 
less; however, the theory and practice 
remain the same regardless of shape, 
size or type. 

Roll-sets are designed to clinch a 
predetermined portion of the rivet 
shank. It generally holds true that a 
maximum allowance of 70 percent of 
an the shank diameter added to the com- 


NN 
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[deoa Letti aa 


SESS 






Good 
Poor 


Heovy ond, Thin Goge Stock 


Plocing the rivet heod on the 

side with the thinner sheet is 

preferred since the upset is 

performed against the heavy 
sheet 


Hole Clearance 
Too much hole clearance allows 
the rivet to buckle on driving. 
See Table for recommendations 
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Poor 


le 
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450-708 d 
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Good 
Rivet Length 


Clinch allowance should be 50 to70O percent of rivet 
diameter to insure adequote holding area but no buckling 








MAK AMAT 


Poor 
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Best Good 

Tight Joints 
Normally, rivet must be short 
to allow swelling; long lengths 
creote tendency toward buckling. 













AS |; 
ao aa aaa rr aaa Lu 


Good Poor 


Angular Shapes 


Providing a flot permits a uniform 
clinch ond a stronger joint 
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p. 
d- pressed material thickness will pro- life to produce an extremely tight ard practice to add a maximum of 100 
ice duce the required rivet length. When joint, where the rivet must not only percent of shank diameter to the com- 
e, the correct clinch allowances has been clinch, but also swell throughout its pressed assembly thickness. Due to the 
i determined, a full round set without entire length, locking tightly in the fact that these types are most common 
a z excessive shank distortion is obtained. assembly. This can only be obtained ly used for piercing compressible ma 
et The tubular portion of the rivet should in the relatively short lengths of rivets terials, it is advisable to determine rivet 
a be absorbed in the clinch leaving a inasmuch as the long lengths will tend length by actual test. 
of solid shank thru the assembly and af- to buckle. Another and equally important con 
m- fording maximum shear strength. In figuring the clinch allowance for sideration is the hole clearance allowed 


Often it is necessary to sacrifice tool a split or deep drilled rivet, it is stand- for the rivet. See Table II. 


OR RIVETED JOINTS 


„Star clinch 4 Leather 
, , 









a 


Washer : -Leather 





~~Woasher ^-Convos 


Best 





Compressible Materials 





Good 
Multiple Rivet Inserts In soft materials it is best to star set the rivet or use 


a cap in conjuction with a large diameter head For maximum 
strength, washers or burrs are recommended 


in small work especially, rivets should be positioned on 
the some diameters and be equally spaced to simplify use 
of an indexing fixture 





Washer--^ 





| Best Good Poor Best 
Brittle Materials Countersinking 
Thin sections. counterbores, and countersinks Provision must be made for setting the rivet 


weaken the material. Use of washers is advisable 


SEs os 


Poor Good Best Poor Best 


Counterboring Multiple Rivets 


7 Provision must be made for setting the rivet Clearance again is the problem; proper spacing 
: insures allowance for the riveting tools 





rt 
$ Tube Rod, 
` , 
g Flats 
Poor Poor B 
FE, @ 
f Poor Good 
ZA Ẹ Clearance +7 
H Poor Good 4 est 
I ^uo Occ hole for toot B 
i -su Uesign 
i 9 Rod and Tube 
H As with channel sections, the rivet head should rest Machining or forming a flat onrod ond tube allows the rivet head ond 
i on the attached member, and (right) inclusion of on clinch to seat solidly. Also, the shorter the rivet, the less tendency toword 
f access hole simplifies the jo ning procedure buckling and distortion. 
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How to Design Parts that Assemble 


Methods of joining tubes, sheet metal and machine parts in 


Fig. 1—(a) Telescope-type joint uses headless bayonet pin to assemble 
tubes. Method can also be used to fasten cover on cylindrical member. (b) 
Pins such as those in (a) can be eliminated by using formed tabs. 


Fig. 2—Rotating cylindrical member 
90 deg forces spring elements apart 
and results in a clamping force. 


LIIIIIIIT, 
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Fig. 6—Two diametrically opposite Fig. 7—Tubes of equal diameter 
pins engage slots in lower member. are joined by engaging tabs in slots 
Slot has slight incline with recess and twisting. Provides means of 
to provide for locking. This method quick assembling and disassembling 
can provide leak proof sealing. without bending tabs each time. 


Fig. 8—Tapered projections on di- 
ametrically opposite sides of cast 
structure engage tabs on cover to 
provide for clamping cover. Ma- 
chined pins can replace the tabs. 


Fig. 12—Two different versions of a spring-loaded type one of the elements. In sketch (a), the holding tabs are 
coupling for metal or plastic tubing. In both cases, the located on the larger member and the receiving slots are 
two parts can be assembled or disassembled by twisting on the smaller one. In (b), the positions are reversed. 


QUICK-RELEASE FASTENERS that engage or disengage with a partial twist 
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Simmons Fastener Corp) 
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i 
Fig. 3—Spiral type slots force pins 
r to pull two elements together. Re- 
t 


cesses at ends serve for locking. 





Screw 
Fig. 9—Structure and cover are cut 
away in three places to receive projec- 
tions. Rotating cover 60 deg permits 
member to be inserted. Setscrew pro- 
vides means for locking cover. 
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ComLoc 
Comloc Fostener Corp) 





Fig. 4—Formed projections on cover 
engage recesses in flange of cylindrical 
vessel. Taper provides locking. 





-m 





Fig. 10—Intermittent threads on both 
members require only a partial revolu- 
tion for complete engagement. Tight- 
ness of joint can be controlled within 
limits by varying the thread lead. 


Fig. 13—Two other methods of attaching covers to cylindrical vessels. In 
(a) flanges hold the cover tightly after it has been engaged and rotated. 
Elongated tabs are used in (b) to mate with notches in the structure. 


pring-Lock 
(Simmons Fostener 
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assemblies that engage and disengage with a twist of one element. 





Fig. 5— Wedge principle can also 
be used for locking vent windows on 
cars or fastening two metal sheets. 


Fig. 11—Flanged tube is fastened 
to plate by twisting. Bayonet-type 
pin with head engages slot in tube. 
Spring-loading the pin and adding 
a gasket will make leak-proof seal. 





Fig. 14—Method of fastening a mem- 
ber to a structure by twisting a third 
element through a 90 degree arc. 


Turning screw forces this projection 
fo open eyelid type receiver against 


hetical spring force 


Or. hid 


receiver 





Wedjit Pivot points 
(United-Corr Fastener Corp) 
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and Lock by Twisting 


From THE WELDING JOURNAL 


How Service Requirements 


W. J. VAN NATTEN 


General Electric Company 


APPLICATIONS, in which brazed joints 
play an important part, have increased 
tremendously in the past 12 years 
With these applications comes thc 
problem of service performance. The 
performance of each application is a 

sult of the requirements imposed 

ind these may vary from one appli- 


ation. to another 


This can further 
exemplified by citing applications 


} 
yé 


when brazing is used as a joining proc- 
ess as in turbines, electron tubes, heat 
exchangers, pressure vessels, and others. 
Therefore, the scope of this article will 
over in a general manner some major 
factors effecting service performance 
of brazed joints 


Assuming that the 


application in 
ind will be brazed using proper pro 
dures, then the major factors affect 
performan are in the 
of the filler metal 
joint design 


sery 
proper 
and the 

There are 


two basic 


nts used for brazing lap 


joints and butt joints, as shown in Fig 
| (following page). There are, how- 
ever, any number of variations of these 
two types used in applications, some 
of which are shown in Fig. 2. Lap 
joints are preferred; butt joints being 
used where space limitations are en 
countered or where leak tightness and 
strength are relatively unimportant. 
The design of a joint should avoid 
stress concentrations that cause filler 
metal tearing. A lap joint has high 
stress at its ends and also, a couple or 
bending moment created by the princi- 
pal forces being offset from a com 
mon axis. This introduces a 
tensile stress in the brazing layer 
that contributes to the 


stress 


Starting of a 
tear. To avoid this, designs as shown 
in Figs. 3 and 4, that impart flexibility 
to that part of the joint where failure 
is apt to start or stiffens the flexible 
part at the joint will often avoid the 
stress concentration. Figs. 3 through 
9 illustrate some designs 

Joint Clearance—The clearance, with 
ts effect on the subseque nt thickness 


of the filler metal, is a factor in ob- 


taining the maximum strength for a 
given design regardless of how the 
joint is stressed. 

Clearance, however, must be con 
sidered in terms of conditions at onc 
specific instant—-room temperature or 
brazing temperature. With similar 
metals of about equal mass, room tem 
perature is a suitable guide; 
similar metals, brazing temperatur: 
clearance should be used, as dissimilar 
metals tend to close up or widen the 
clearance depending upon their loca 
tion and thermal expansion 

For example, where one part fits 
into another, the expansion of the in 
ner part can cause metal-to-metal con 
tact and little or no filler metal would 
enter the joint. Only a fillet weld 
would be formed. Transposing the 
parts can increase the clearance and 
prevent capillary attraction, or if the 
filler does enter the 


for dis- 


joint, a greater 
contraction of the inner part can frac 
ture the joint during cooling 

As a guide, Table II can be used in 
designing for maximum strength. If 
clearances are less than those recom 


mended, joint strength may fall appr 


Table I—Base Material vs. Brazing Filler Metals (Similar and Dissimilar Combinations) 


I 
Al and Mg and 

Al Alloys |Mg Alloys | 
por | 
eg j 


: Base Material 


Al and Al Alloys 


BAI! Si | 
Mg and Mg Alloys | x i 
| | 
Ni and Ni Alloys | x 
i i 


Carbon and Low Alloy | 
Steels i 


Ni and 
Ni Alloys 





Steels 


Heat Resistant Alloys 
| 


X = Not Recommended 
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ciably because of flux inclusions and 
excessive voids. Larger clearances per- 
mit greater flexibility in machining but 
can be wasteful of filler metal and 
parts. The clearances should be main- 
tained at brazing temperature; clear- 
ances at ambient conditions should in- 
clude allowance for expansion at tem- 
perature for dissimilar materials. 

Filler Metal Placement—A joint 
should be designed to accommodate 


Govern Design of Brazed Joints 


the form in which the filler is to be 
introduced: wire, shim or strip, or 
powder. Of these, wire and strip are 
most generally used. 

Normally, where joints are being 
brazed manually, the filler metal is 
face fed. When production increases 
warrant the use of automatic equip- 
ment or when special service require- 
ments are significant the placement of 
the filler metal and its location must 


Table II—Recommended Brazing Temperatures and Joint Clearances 





Filler Metals 


AWS—ASTM Solidus 
Classification F 
Aluminum-silicon 
BAISi-1 1,070 
BAISi-2 1,070 
BAISi-3 970 
BAISi-4 1,070 
Copper-phosphorus 
BcuP-1 1,305 
BcuP-2 1,305 
BCuP-3 1,195 
BCuP-4 1,185 
BCuP-5 1,185 
Silver 
BAg-1 1,125 
BAg-2 1,125 
BAg-3 1,195 
BAg-4 1,240 
BAg-5 1,250 
BAg-6 1,270 
BAg-7 1,145 
BAg-8 1,435 
BAg-9 1,280 
BAg-10 1,335 
BAg-11 1,365 
Copper-gold 
BCuAu-1 1,755 
BCuAu-2 1,620 
Copper and Copper-zinc 
BCu 1,980 
BCuZn-1 1,650 
BCuZn-3 1,590 
BCuZn-4 1,570 
BCuZn-5 1,585 
BCuZn-6 1,690 
BCuZn-7 1,685 
Magnesium 
BMg 770 


Heat resistant 
BNiCr 1,850 
BAgMn 1,760 





Brazing Joint 
Liquidus Temperature Clearance 
F Range F In.* 
1,165 1,150-1,185 f 
1,135 1,120-1,140 J 1.006-0.0101 
1,085 1,060-1,185 i 0.010—0.02511 
1,080 1,090-1,185 ^ 
1,650 1,450-1,700 0.002-0.005 
1,485 1,350-1,550 0.001-0.003 
1,500 1,300-1,550 0.002-0.005 
1,380 1,300-1,500 0.001-0.003 
1,500 1,300-1,500 0.003—0.005 
1,145 1,145-1,400 
1,295 1,295-1,550 
1,270 1,270-1,500 
1,435 1,435-1,650 
1,370 1,370-1,550 
1.425 1 425-1600 0.002-0.005 
1,205 1,205-1,400 
1,435 1,435-1,650 
1,325 1,325-1,550 
1,390 1,390-1,600 
1,450 1,450-1,650 
1,815 1,815-2,000 0.002-0.005 
1,630 1,630-1,850 
1,980 2,000-2,100 0.000-0.00211tt 
1,660 1,670-1,750 
1,630 1,670-1,750 
1,595 1,600-1,700 
1,610 1,620-1,700 0.002-0.005 
1,715 1,720-1,800 
1,710 1,690-1,800 
1,100 1,120-1,160 0.004—0.010 


1,950 2,000-2,150 
1,780 1,780-2,100 


0.002—0.005 


* On round or tubular member this is a clearance on the radius 


t Length of lap less than !4 in. 
tt Length of lap greater than !4 in 


ttt For maximum strength use 0.000 in. clearance or press fit. 


Solidus is temperature at which melting starts. 


Liquidus is temperature at which freezing starts 
Brazing temperature used should be lowest within recommended range, consistent with the joint BNiCr 


clearance and time needed to complete braze. 
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be taken into account; Figs. 10, 11 
and 12 show the placement of wire 
and shim stock. 

The type of joint, filler placement 
and other conditions that are to be 
specified depend upon the service 
requirement of the joint (Table III) 
Mechanical strength depends on the 
above factors. Other factors to con 
sider are: in the electrical design of a 
joint, electrical conductivity; for pres 
sure joints, proper venting; for jornts 
subjected to temperature, the effect on 
filler metal and mechanical strength 


Electrical Conductivity 


Brazing filler metals, in general, 
have low electrical conductivity as 
compared to copper. For example, 
BCuP-5 has about 10 percent the con- 
ductivity of copper and BAg-6 about 
25 percent. However, if recommended 
clearance values are used, the brazing 
should not add any appreciable resist 
ance to the design. The shorter path 
through the filler, as compared to the 
longer path through the conductor re- 





Table III—Service Requirements 
of Brazed Joints 


@ Mechanical strength—A joint can be 
subjected to various types of stress such 
as tension, shear, impact, and fatigue. 
The joint clearance, design, and filler 
metal placement all effect the mechan- 
ical strength. 


€ Electrical conductivity—Properly de- 
signed joints using the correct filler 
metal and joint clearance should not 
add any appreciable resistance to a 
circuit. Resistance increase can be cal- 
culated. 


€ Pressure tightness—Designs for pres 
sure vessels should be in accordance 
with established rules, such as the 
ASME Code for Unfired Pressure Ves- 
sels. 


€ Temperature—])oint strength at elevat. 
ed temperatures are dependent on the 
filler metal used. Tensile, shear or im- 
pact properties of a joint at low tem- 
peratures are effected similar to the 
base metals being joined. 






Table IV— Maximum Service 
Temperature 


AWS-ASTM 

classification F 
BCuP Group. 300 
BAg Group 400 
BCuZn Group. 400 
0 T PET 400 


BAgMn... 500 
1000 


Gi3 





Joint Design 
Considerations 


M 


oý 


Lop Butt 
Fig. 1—An overlap of three times 
the thinnest member will usually 
yield 100 percent lap joint efficien- 
cy. Butt members are limited to the 
cross sectional area of one member. 


Heavy section 
Tearing x 


~ Light section 


(A) Bod (B) Good 


A 


(C) Good 
Fig. 3—Load on joint (4) causes a high stress and tearing 
of the braze. By shaping the heavy section as in (B), or 
increasing the light section (C) the tearing is stopped. 


4 | 


yy 


(B) Good (C) Good 


Fig. 5—Impact load causes joint failure (A). Increasing 
the braze area (B) or using a scraf joint (C) improves the 


impact characteristics of the joint under load. 
Good 


DA 
Fig. 7—Hub and axle (A) will fail by fatigue at joint. De- 
signs (B) and (C) permit hub to follow flexure of axle be- 
cause of undercut or generous hub radius. 


Fotigue con stort 
here 
DA. 4 


ee 


? 
f 
VC Bod Good 


R 


However, there will be a certaii 
unount of voids and impurities that 
ut the effective area for an electrical 
path, therefore, actual resistan l1 
be slightly higher. Lap joints ar 


rally recomm nded for electrical cir 


gen 
uits 


Pressure Tightness 
W here ipplicable, 


PI brazed joints in 
vlindrical bodies and hollow 


rs should be 


0.005 


contain 
designed in accordance 
with rules already established for pres 


Fig. 2—Some combinations of lap and 
joints. Tee sections and corner joints are con- 
sidered to be variations of butt joints. 


Bad (B) Good (C) Good 


Fig. 4—Couple causes joint tearing (A). Increasing the 
light section (B) or redesigning (C) reduces this action. 


No Yes Yes 
A | À 
1 i 
, I 

No No Yes 


Fig. 6—Tee joint (A) will fail under loading in either di- 
rection while corner joint (B) can take one direction load 
and (C) with stiffened cross section two direction loading. 


—_— 


Fig. 8—The rotating beam (A) will have a low fatigue life 
while sleeve (B) will increase this life. 
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1 i i ; 
ssels, such as the ASME Cod fast rules on maximum operating ten short periods of time with 
others. These rules are based on peratures that a brazed assembly can stress requirements. Howe 
ng ; > 
t satety Of 4 or > and the stand is complex when so many base applications should id 


'oportioned accordingly. For metals and filler metals are involved. tested to 


low pressures or vacuum, joint propor [his coupled with the fact that maxi- peratut 
ly luced, Fig. 14 mum temperatures are involved for 
xincipal factor other than varying time periods permits only th Subzero Sert p 
rength to bx ynsidered is proper following general summary that tensi 
ng. This is also a consideration for ties of brazed ioints are not 
| holes which are small pres- — EJevated Service—The suggested maxi ffected 
rs (Fig. 15) mum operating temperatures for each 100 F as compared to proj 
Temperature partic ular type of filler metal are given umbient cond tions How ver. wh 
in Table IV, and are based upon con- in doubt, app i 
All tals tend to lose strength as tinuous service at this condition. Many tested to determine that 
it reases and brazing filler of the filler metals can withstand ments of 
no exception. Hard and much hiecher servi temperatures for strength can be met by th 


a... 





2 — 


he (A) Goo (B) Good. ap: (Y J LU 
Fig. 1i—8Shbe ec siip enit vindi lh posenio njgliod as Fig. 13—Pressure joints 
shown in (A) and (B) when being brazed. Design (C) does should be of the lap 


type 
not allow excess filler metal or flux to be squeezed out. ——— pe 


Flatside on male part 
di- dets os vent 
ad 
ng. 





(A) (8) (cy — Vent 


Fig. 15—Venting of dead end holes to avoid pressure 
build-ups ean be accomplished by: (4) cut a flatside on 
male part or (B) and (C) drill thru holes to allow 
LONE IM e iridis dtum. 


P life 








Methods of Attaching Glass 


GENERAL RECOMMENDATIONS 


1. Design the glass for compression loads 
whenever possible. 





2. Load the glass uniformly. Avoid con- 
centrated or point loads, by gasketing. rig | 
CAST PLASTIC JOINT. Glass part is attached to threaded 
3. Design mounting to compensate for metal insert by cast plastic hub. For moderate loads. 
differential expansions. Glass has an expan- 


sion range from 1.8 to 5.010~° in/deg F. 












--O-ring "Glass --Metai 
v I i 


V a | 









4. Glass under load should be clamped in 
a rigid fixture that will not deform when 


load is applied. 


5. Glass not under load can be mounted Fig. 4 


in a flexible support 30 that loads on the O-RINGS SEAL glass tubing to metal fixture. Shoulders in 
structure are not transmitted to the glass. the metal tubes retain the glass member in its proper place. 





-Glass KY 





































5 
Me 25$ 
Spun 
meto. 
Metal 
: ng? Fig. 9 -Leac 
: visits sink — es G 
: SPUN METAL JOINT. For light THREADER JOINT. For low pres- PERMANENT SEAL. Poured lead o 
: loads, a thin metal sheet can be sure applications threaded glass con- locks metal arbor to hubbed glass ea 
: spun around a glass shoulder to tainer can be screwed into metal fix- part. Use is restricted, however, to di 
: form an attachment as illustrated. ture. Cement can also be added. moderate loads and temperatures. 
: vy , Gasket -Glass hing Gasket ------~~.. Gloss 
i Yn - tm 
: ZA | ELl mammam EA I EZ 
: 3 NING N 
MENS RRMA SSTANEEN ls 
: CE Y= RA eet 27 
: om | Im Hof side — iE 
: vus qQ] 
S g Metal clips -' E2 E 
: Fig. 13 Metai-^ Fig..4 tu 
: FURNACE SIGHT GLASS. Small metal spring clips hold glass in place GLASS PIPE TO METAL PIPE. = 
: and allow for different rates of expansion of glass and inetal fixture. Gasketed conical flange reduces e 
: This method of suspension also insures that the glass will be heated bending stresses. Rubber gasket bn 
s uniformly, reducing thermal gradients and internal stresses. seals flat end of glass pipe. ta 





{ POCSSSEE ESHEETS ES LET E SESE SSE EEET CESSES TERE CE SEES SSE SS FERRER RER ESSE ESSE SE EEEY | SETHE ER ES ESS SSS SEEEESE ESSE NSSES SESE SEES SE SESS ESTHSSSSESE SEES SEES SESee ESET ESE EEEEESEEEEES 





G 16 Product Engineering — 1954 Annual Handbook 






|. | to Metal Structures 


M99999942924222242929989917828989290802800288982207992299 209228999 RE ERRERTRFURRRERRESTRRRERRRRATVATRER T RERERTERRTATATATATASEREAT TVAARWARARATRWARARORRARAROSRTUSSERSSEAMESESASTaSTaaAS 















ant 
EES SSS SSS SINE 
RRA 
i 


















e—a m Ny Ej 

Uu DOES 
Fig. 2 
PRESSURE-TIGHT JOINT. Glass sheet is clamped uni- 


aded formly in compression using rubber or asbestos gaskets. 
I 
} 
| 
| 
Fig. 5 “Glass 
TUBULAR GAGE GLASS is attached to liquid level fix- 
ture. Rubber gasket is compressed for a leak-proof seal. 
rs in 
lace. 


Glass 


^ 


Meta/ 
adapter -- 





Fig. II 


GLASS TUBE IN PRESSURIZED 
lead OIL SYSTEM. Glass is clamped in 


CEMENTED 


glass compression; resilient gaskets help High external pressure keeps ce- 
r, to distribute load uniformly. mented joint in compression. 
res. 


$ 


Gloss 


Gloss 





(b) 


ELECTRICAL CONNECTIONS. (a) Inside of vacuum 
9.14 tubes. First, wire is sealed to tubular glass flare by press- 


IPE ing the hot glass around the wire. The flare and wire as- 
wont sembly is then sealed to the tube body. Dumet (42 per- 
asket cent nickel iron coated with copper) is commonly sealed 


to high expansion glasses. Tungsten and Kovar are sealed 
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JOINT. 


shown carries explosive in oil wells. 





G FASTENING AND JOINING 


M. H. HUNT 
Corning Glass Works 


SOLDERED JOINT. Glass has metallized edge for solder- 


ing. Frame is semi-rigid to absorb differential expansion. 


Caulkíng compound-, 
` 






Metal frame---- Fig. 6 
WINDOW JOINT. Resilient caulking compounds and 
rubber cement make liquid-tight seals with metal frames. 


-Glass 





GAGE GLASS attached to water level 
column on a steam boiler. The mica 
shield protects the glass from corro- 
sion by the alkaline boiler water. 


Container 


to low expansion glasses. (b) Inside of air and water 
cooled transmitting tubes. Thin copper tube sealed to 
glass tubing is thin enough to compensate for different 
expansion coefficients. (c) Inside of glass sealed-beam 
headlight. Thin 42% nickel iron metal cup is sealed di- 
rectly to glass. Kovar or similar metals can also be used. 


Gi7 






joint com 
strength of 

for l4 in. 3 
purity alumi 
Figures for defor 
are relative. only? 





Cold Welding of Aluminum 


These are basic design data on cold welding. Although primarily 


concerned with specific aluminum alloys, they incorporate a critical 


evaluation of the advantages and limitations of the process itself 


and indicate those factors which require additional study. 


NORMAN GROSSMAN 


Republic Aviation Corporation 
I k 


IN THE SIMPLEST SENSE, cold welding 
is the joining of two metallic surfaces 
through the application of pressure 
Actually, 


than 


he "wever, it Inv oh es 


more 
a rigid 
analysis of the flow of metals and the 


pressure. It is base d on 
development of special tools to pro- 
duce the deformations required to 
direct this flow into a true weld 

The importance of this process, par 


Gis 


ticularly as applied to aluminum, stems 
from the following advantages. 

(1) Joints are 
shown in Fig. 1, 


and, as 
often are as strong 
or stronger than the metals being 
joined. The reason is that the weld area 
does not have the cast structure char- 


etnicient 


acteristic of other welding processes, 
but is actually work hardened to some 
degree 

(2) Welds respond to heat-treat if 
the parent metals are heat-treatable. 


(3) Dissimilar materials can be 
joined, such as aluminum to copper, 
silver, lead or nickel. 

(4) Thin sheets can be 
readily to thick sec ons. 

(5) Equipment is simple and inex- 
pensive. Hand tools similar to conven- 
tional pliers can be used for small dia 
wire and thin sheets; conventional fly 
presses are satisfactory for thicker 
parts; and power presses are needed 
only for large and heavy pieces 

(6) The welder needs no special 
skill or training. 

(7) The process can be adapted to 
applications that are physically impos 
sible with other forms of welding. Thin 
sections like aluminum foil, for exam- 
ple, cannot be welded by methods em- 
ploying heat because of the danger of 
burning the foil. For the same reason, 
heat may >e a disadvantage when weld- 
ing thick to thin sections. 


bonded 
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Surface Preparation 


Because of the nature of this process 
is the forcing of metals to flow to- 
gether to form a weld, the surfaces to 
be joined must be free from such con 
taminating elements as grease and dirt 
For aluminum sheets, wire brushing 
to remove the oxide coating, is re 
quired. Chemical degreasing followed 
by wire brushing adds nothing in terms 
of strength other surface 
preparations commonly used with spot 
welding have proved satisfactory 


However, 


As a general rule, it is desirable to 
weld as soon after cleaning as possi 
ble. Where care was taken to avoid 
contamination, however, satisfac tory re- 
sults have been obtained with 
lapses of a day or longer 

As contrasted to the requirements 
for joining sheets, lead, copper and 
aluminum wire can now be butt weld 
ed without a separate cleaning opera 
tion. This is accomplished with tools 


time 


that trim the ends of the wires just 
before welding to insure proper con- 
tact 

An interesting characteristic of coid 


Table I—Comparative Weldability 
of Aluminum 


Typical 
joint 
efficiency, 
per cent 


Optimum 
reduction, 
percent 


Alloy 


3S-O 50 85-1004 


3S-H14 70 70-85 
3S-H16 60 
3S-H18 55 
4S-O 60 
4S-H34 
52S-O 
Alclad 24S-T4 
61S-T6 

Iclad 75S-T6 10-15 


These 


parative purposes only 


values are presented for com- 
and are not in 
Varia 
tions in tool dimensions would change the 


absolute values. 


tended for literal interpretation 
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G FASTENING AND JOINING 


90 Too | 


Sheet Thickness 
0040x0:040 . 
- 0.040 x 0.05! 
0051! x 0.05! 
0.05! x0 064 


welding is that poor quality bon ls ar 
almost impossible. If 
cleaned properly, sufficient pressure is 
exerted and 


the surfaces are 
a suitable die is used, a 
perfect weld will result, but if ther 
is any degree of contamination 


parts will not bond 


Weldable Materials 


Because the amount of deformat 
required to produce satisfactory welds 
increases with stronger materials, pra 
tical limit the 
metals that can be cold welded. When 
the yield point exceeds about 30,000 
psi, the strength factor of the 
falls off. Aluminum, copper, Dura 
lumin, lead, nickel, and zinc have all 
proved applicable Also, combinations 
of dissimilar metals such as copper to 
aluminum are now produced readily 
At present the process 1s not particu 
larly suitable for ferrous metals, al 
though it has been demonstrated as a 
practical possibility 


considerations now 


bond 


If strength is not 
important, as for hermetic 
alloys with yield points of about 50,000 
psi can be 


seals, some 


joined by cold we 


£ 


Iding 


Gis 
















Percent reduction in total thickness for maximum ultimote lood 









































Maximum ultimote lood, Ibs. 


Welded, heat treated 
and artificially aged 
(e45-T6) 












w 
o 
o 


Welded and heat 
treated (24 S-T4) 


Š 


v^ Annealed (24 S - O) 


Š 






Tool 
Length 


o 
o 


0.375 
0.064 


0.05! 
0.05! 


t 


Gage 
9e, 





Thickness 2 











i 
60 70 80 90 
Percent reduction in total thickness 
008 010 012 014 
Total specimen thickness ,in 
Fig. 4—Reduction in thickness for maximum weld 
strength for different thicknesses of 24SO sheet l 
and for the tool dimensions indicated. Meet freated 
(24 ST-4) 
280 STOR yc ' 
É / 0450x0064 > 
= » o 
i 2 
E A DSS a 
£ — 5x0064 i 
- 
E / iy 032510064 a "ID" 
£ 200 
o * 
= i 
0.06 0.08 0.10 0412 014 00 2 a 6 T io 12 
Total sheet thickness, in. Stroin, inches per inch x IO? 
Fig. 5—Maximum weld strength for various sheet Fig. 6—Heat-treatability of welds (A) top, for two 
thicknesses of 24SO aluminum. Similar families 0.051 in. sheets as compared (B) bottom, to that 
of curves are obtained for other aluminum alloys. of the parent metal. 
The success with aluminum and its '4SO, an annealed aluminum alloy and similar formation for other tool 
alloys is of particular importance be with a yield point of 14 ksi, in the sizes, Fig. 4 shows how the percent ; 
cause of the difficulties and expense ombinations of tool size and sheet reduction in sheet thickness for maxi- 
associated with welding them by other thickness described below. Table I mum weld strength varies with sheet 
means. Obviously, however, all gives a general comparison of the weld thickness for 24SO Alclad. Since these 
inum alloys are not satisfactory ew ability of several common alloys curves are parallel straight lines, it is 
ff the previously mentioned rest As brought out in the previous se seen that an increased percent reduc 
mposed o ld strength. For exa on, the percent deformation is a crit tion in thickness is required, as the 
ple, as ( sts sheets Alcla | factor. To iyze this parameter sheet thickness itself is increased. With | 
24S-T3 high strength, heat trea rther, curves of sheet deformation commercial aluminum, this character f 
illoy, w | unsi ssful. Weld lotted against the ultimate strength istic applies only when the thickness is 
ma S W 1 sh single weld in Fig for a com about 1/4 inch or more I 
duct S ! X lly pur luminum and in Fig Graphs of the maximum weld 
but thes b k iSO ous combinations strength versus sheet thickness for 
lg el th sł thickness. These curves are all three tool sizes are plotted in Fig. 5 
ot ST k lownward ndi ating that These curves have a maximum strength 
nates ir load carrying n optimum sheet reduction for — at a total sheet thickness of 0.115 in 
bonds. On th | hand, no difficul vhich the weld strength is a maximum indicating that the 0.064-0.051 in 4 
data of Fig. 3 combination is best for a rectangular T 
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Welding pressure required 





Tool: 
Length 375 


.40 30 €0 70 80 


+ I 

Tool: | 
Length 325 

Width 064 


















G FASTENING AND JOINING 


+ Combinations of 
Sym.| gage thick.,in 
^ | 0644040 
+.051 +051 
.064+.064 
.040 «040 
t 514040 
| 064+051 *4» 


and pòà 





Toot: | 
Length 450 in 
Width 064 in. 


v 






Perceat reduction in total thickness Percent reduction in total thickness Percent reduction in total thickness 


Fig. 7—Bearing pressure required to cold weld 24SO aluminum sheets as functions 
of percent reduction in total thickness. Fig. 5 gives the percent reduction for maxi- 


mum strength. 


- "e 


ee 





Moximum ultimate load, Ibs. 


0300 0340 0380 0420 0460 
Too! length in. 


g 


tool 0.64 in. thick and this aluminum 
alloy. Although only 24SO was used 
to get the data in the previous illus- 
trations, similar trends—though differ 
ent magnitudes—can be expected for 
other alloys of this type 

As noted previously, one of the ad- 
vantages of cold welding is that it is 
the only form of welding aluminum 
that shows any response to heat treat- 
The properties of the parent 
metal remain unchanged except for 


the effects of 


ment 


a slight cold working 
The data represented by Fig. 6 (A) 
ndicate that both solution and precipi 
effective 


tation types of treatment are 


Although these increases are less. than 


the orresponding gain in the basi 


material resulting from heat treatment, 
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0300 0340 0380 -0420 0460 
Too! length , if 


F Percent reduction in total thickness 


= 


Fig. 6 (B), they are large enough to 
have practical significance in many ap- 
plications. 


Bearing Pressure 


The basic requirement for bearing 
pressure is that it exceeds the yield 
strength of the material. The tool size 
and shape and the section thicknesses 
are the main that determine 
the degree by which this value must 


factors 


be exceeded 

The pressure required with 24SO 
aluminum for three different tool sizes 
are presented in Fig 7 as a function 
of the percent reduction in sheet thick- 
ness. This indicates that total thickness 
rather than the thickness of the indi- 
vidual sheets is the determining factor 
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Ultimate shear load, Ibs 


65 percent 
reduction 


| 5 
5? percent 
reduction 7 | 
| 


reduction 





004 006 008 O0 0I? 


fc) Die width, in. 


To investigate the effect of varying 
the rate of application of pressure, 
welds made in approximately five sec 
onds were compared on the basis of 
ultimate load with welds made by ex 
tending the welding time to one min 
ute. The and deformation 
were used in both cases. The results of 
that pressure rat: 


effect on ultimate 
1 


same tool 


these tests indicate 


has no measurable 


strength for the range teste 


Die Design 


The importance of proper die desigr 
and shape cannot be overemphasized 
In general, the width must be choset 


to provide satisfactory flow character 
istics and the length must be controlled 
to provide adequate tool joint strength 


G:! 
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Fig. 9—Examples of some of the welds now being made by the cold welding process. Others are being developed. 


n view of 


the reduced cross-sections 
Typical variations of maximum load 


j ] 
apacity and percent reduc 
I 


tor Joining 


tion required 
24SO 0.064 and 
0.051 in. thick are shown in Fig. 8 
Data for the effect of width variations 
for this available, but 
Fig. 8 (C) shows typical data for com- 
mercial 99.8 


purity 


sheet 


alloy are not 


aluminum of percent 

A limitation to the use of rectangu 
lar welds, their obvious 
cracks. To im- 
corners are pre- 
Circular welds are now used on 
small 


however, I5 
susceptibilty to fatigue 
prove this rounded 
ferred 
have not 


joining sheets to 


wires and rods, but 


proved 
date 


suitable for 


Many other types of welds have 


been developed, Fig. 9, and work 


being don n stil ect the 


more to m 


needs of different applications 
| 


eral, the proper basis 


1 
n ssary tool design 


S 


8 


Uitumote Load, Lbs 


Acknowledgment: The au- 
thor wishes to acknowledge his 
appreciation to the Koldweld 
Corp., 10 E. 40 St., New York, 
N. Y., for supplying many of 
their 
parent organization, The Gen- 


eral Electric Co., Ltd., of Eng- 


the illustrations, and to 


land, for their cooperation in 


the study that 


preceded the 
actual tests. 


data should include a set of curves of 


maximum ultimate load and the corre- 
sponding percent sheet 
thickness plotted as a function of tool 
length or diameter for different thick- 
ness combinations. Additional data on 


apacity can be pre 


reduction in 


the required press 


sented by curves of bearing pressure 


required for optimum reduction as a 
function of tool dimensions. 


The importance of maintaining ac- 
curate tool alignment was also empha- 
sized by these tests. Unless adequate 
support was provided, the upper tool 
shifted laterally with respect to the 
lower half, causing the sheet to rise on 
one side of the weld and to be de- 
pressed on the other. 


Because of its potential to replace 
more expensive and cumbersome meth- 
ods, cold welding offers substantial 
economic advantages in many applica 
tions. Complete data to support this 
argument are not yet available 


Economically, the principal factors 
in favor of this method are the sim- 
nlicity of the equipment required, the 
speed of the process and the elimina- 
tion of the need for skilled workers 
The dies in themselves are not expen 
sive to produce since commercial steels 
are usually satisfactory and exacting 
tolerances are not required 


The future of cold welding is inti- 
mately related to the need for more 
fundamental research and the dev elop- 
ment of tools and procedures that are 
suitable for mass production use. With 
high strength alloys of aluminum and 
other materials, the large percent re- 
ductions required to produce satisfac- 
tory welds restricts their use at present 
One possible solution to this particu- 
lar problem. may be the use of heated 
As shown in Fig. 10, 24ST4, a 
heat-treated Alclad with a yield point 
of approximately 37,000 psi, can be 
welded satisfactorily if the dies are 
heated to 600 F. The maximum shear 
strength in a single weld of this type 
was 90 lb, or about 80 percent of the 
parent metal shear strength. 


dies 


Product Engineering — 1954 Annual Handbook 





Fundamentals 
of Resistance Welding 


Because it permits high volume, economic production, 
resistance welding has become a widely used method for joining 
and fastening metal parts. There are several books available 
for those who want to know how to perform resistance welding 
operations in the shop. Others describe how to design parts 
for each of the techniques. It is not the purpose of 
this chart to compete with such books. The chart attempts 
to provide designers with a basis for choosing one method of 
resistance welding in preference to others. Briefly discussed 
are the advantages, limitations, and design considerations 
that might influence such a decision. In addition, 
considerable material is devoted to the weldability of metals, 
both similar and dissimilar. 

Although stud welding is a form of arc welding it has 
been included because its applications are similar to those of 


resistance welding techniques. 
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Metal Combinations That Can Be Welded 
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SPOT WELDING 


CARBON STEELS. Low carbon content (less than 0.20 percent) welded with no appreciable 
hardening effect. To spot weld high carbon steels, SAE 1035 and up: current is decreased 10 
percent, pressure increased by 10 percent, and timing cycle is increased over those variables 


associated with low carbon alloys to minimize weld brittleness. There is more spitting and 
indentation with high carbon steels. 


Low ALLOY STEELS. Both low alloy and carbon steels that exhibit brittleness in welds can be 
spot welded by using tempering control. Two pulses: First pulse is actual spot weld that 
produces the brittle nugget; second pulse is a tempering pulse that removes most of the brittle 


ness. The latter is about 1⁄2 that required for spot welding and the time cycle of each impulse 
is about the same 


CARBON AND 
ALLOY STEELS 


content within the alloy increases. Projection welding of copper and brass 
not recommended since the projections will collapse under pressure. 


All the commercial aluminum alloys produced in sheets or extrusions can be spot welded provided 
that the parts are not too thick. Because of aluminum's high electrical and thermal conductivity 
large welding currents applied for relatively short time periods are required. Amperage is usually 
two to three times that used for mild steel, time 40 percent less, and pressure the same. Control 
must be exacting because aluminum has a short plastic range. Weldability will varv with alloy 


ALUMINUM ALLOYS 






TERNE PLaTE. Recommend group A, class 1 electrodes (Elkaloy A or SMS 101) using 10 percent 
less current, 20 percent longer time cycle and same pressure as for mild steel. Coating tips with 
terne plate prior to welding changes contact resistance and prevents sticking. If hold tim > long 





Weldability of Similar Mc 


PROJECTION \ 


CARBON STEELS. Not rec 
stock less than 0.015 in. t 
jections in such thin me 
under pressure. Other 
adapted since they permi 
as to size, shape and loce 
tions. Variations in har 
stock may cause uneve 
wear of forming dies. 


Low ALLoy STEELS. Sar 
as listed under spot welc 


YELLOW Brass, COMMERCIAL Brass, ADMIRA 
or seam welded but good welds are part 
Muntz METAL, ToBIn BrRoNZE, NavAL Brass, MANGANESE Brass. Relatively welding factors or surface conditions. Surf 
Group A, Class 2 tips for spot welding 


= Suited for spot welding because of the clean surfaces, free of coatings and heavy oxide scales Not difficult but projecti 
E It is easier to weld type 302 stainless than ordinary low carbon steels. However, chrome-nickel the least conspicuous p 
N grades are susceptible to carbide precipitation, decreasing the corrosion resistance of the mate any possible indentation 
^ rials. Where necessary to completely avoid such precipitation, use stainless types 347 and 321 need for finishing the po 
N Current, diameter of electrode contact points, pressure and welding time must be controlled Other factors are the 
" closely. Compared to spot welding mild steel, use 10 to 15 percent less current, shorter weld spot welding 
z ing times because of higher resistivity, and two to three times as much pressure for stainless 
< 302. Variations are more critical. No less than five cycles of time should be used unless con 
2 trol can be exerted within *4 cycle. Good spot weld of high strength obtained in type 400 and 
302 
^ CoPPER. Spot seam or projection welding of copper is difficult. Flash welding easy to weld in the thin gages and can be w 
> gives the most satisfactory results since the heat is localized at the abutting conditions. Pressures less than 400 Ib shot 
o edges. Thin gage metal, below 0.035 in. thick, can be spot welded by facing short welding times are used. Any method 
a high conductivity electrodes with tungsten or molybdenum. The process re- provided that high currents and short wel 
z« quires current six to seven times greater than used for mild steel, pressures 
<q m 50 percent greater and about equal welding time. Tin coating surface eases Rep Brass, Low Brass, COMMERCIAL BRON 
"EL welding because it increases surface resistance per; but difficulties and requirements ar 
ul < Weldability of copper base alloys will depend on the electrical conductivity pressure and fairly high energy input. Som 
e en and resistivity of the alloy. Generally, weldability decreases as the copper Strengths of joints are relatively low 
Oa 
Vv - 
$ 
v 


Limited to extruded par 
section thickness to sup 
tion 


Coated metals may be 
provided that the bas 
enough to prevent pren 



























ECTION 


STEELS. Not recommended for 
s than 0.015 in. thick since pro- 
in such thin material collapse 
ressure. Other sizes are well 
since they permit a wide choice 

shape and location of projec- 
ariations in hardness of sheet 
ay cause uneven or excessive 
'orming dies. 


I 


LOY STEELS. Same precautions 
under spot welding tempering. 


cult but projection should be in 

onspicuous position to hide 
ible indentation and to prevent 
finishing the polished sheet 
factors are the same as when 
ding 


zes and can be welded over a considerable range of 
han 400 Ib should be avoided. High currents and 


Materials 





SEAM WELDING 


CARBON STEELS. High carbon steels (above 0.20 
percent carbon) weld satisfactorily except that weld 
hardening occurs. The degree depends on the per- 
cent carbon present. High carbon alloys require 
subsequent heat treating to remove brittle zone 
in and near the weld. 

ALLOv STEELS. Weld satisfactorily except that 
hardening may occur. Need for subsequent heat 
treating can be determined only after examining 
the degree of hardness in the weld. Both carbon 
content and specific alloying compositions influ- 
ence hardness. 


When welding stainless type 302, use pressures 75 
percent greater than those used with mild steel, 50 
percent less current, and slower welding speeds 
On-time should be short to prevent carbide pre- 
cipitation; off-time should be two to three times 
greater than on-time. External cooling with water 
is critical. Good seam welds of high strength ob- 
tained in type 430 and 302 stainless 

For other factors, see spot welding stainless steel 


ed. Any method of resistance welding can be used 


s and short welding times are used. 


IMMERCIAL BRONZE. Weld slightly better than cop- 
‘equirements are similar. Requires low electrode 
ergy input. Some difficulty with electrode sticking. 


ively iow 


L Brass, ADMIRALTY Brass. Can be spot, projection, 
welds are particularly sensitive to variations in 


CARBON STEELS. Welded satisfactoril 

but parts are stressed at low values. Hig 

carbon alloys with more than 0.50 per 

cent carbon, harden and may requir 

both preheat and postheat treatments, t 
minimize cracking 

ALLOY STEELS. Hardening is complicated 
by presence of alloying materials. Usual- 
ly need preheat treatment to prevent 
cracking and post-heat treatment to re 

lieve hardness 


When flash welding stainless steel there 
is a tendency for gráin growth and am 
brittlement of the weld area. With all 
types of stainless, alignment, pressures 
current, and welding time must be con 
trolled closely 


NICKEL SILVER. Can be welded but because of higher resistance, requires less 
current and higher pressures than other copper alloys. 


PHOSPHOR BRONZE. Weldable as long as welding time is kept short. Required 
energy input is low. Welds have good strength properties but ductility is rela- 


lack of strength. 


-onditions. Surface must be carefully cleaned. Use 


ot welding 
to extruded parts with sufficient 
thick to support the projec 


netals may be projection welded 
i that the base metal is thick 
o prevent premature breakdown 





Seam welding aluminum alloys is difficult because 
it requires exacting control of the process to obtain 
good results. In seam welding 24ST alclad, concen 
trate the current at the weld, wheel has a 7 deg 
and 11 deg angle or a radius of one or two in 
Water cooling, two to three gallons per minute, is 
essential to minimize pickup and heat conduction 
Technique requires synchronous timing. Speeds 
range from one to five in. per min., excessive speeds 
increase pick-up. Spot spacing—25 per in. on mate 
rial 0.010 in. thick, 7 per in. on material 0.125 in 
thick. On time is short, off time is usually three 
times greater. Current requirements range from 
20,000 amps for 0.010 in. material to 45,000 amps 
for 0.125 in. thicknesses. Pressure is 15 percent 
greater than that used with mild steel. As in spot 
welding. weldability will vary with alloy type 


Welding coated metals is very similar to the pro- 


cedure for uncoated steels of similar composition 
Terne 


»late. tinplate and galvanized iron require 





tively poor. There is a marked tendency toward electrode sticking and pick up. 


Cupro-NICKEL. Weldable, but requires careful surface cleaning because re- 
fractory oxides are present. Projection welding not recommended because of 


SILICON BRONZE. Best of the copper base alloys for spot welding. Requires low 
energy input, short timing. Slight tendency toward electrode sticking 


These alloys have been butt welded 
satisfactorily in forms of sheets, tubing, 
extrusions and rolled bar: 25, 35, 535 
and 61S. Higher strength alloys like 
24ST exhibit little elongation and are 
considered too brittle for this technique 

Particularly well adapted are cross 


sections less than one sq in. in area 
Mechanical difficulties limit the process 
to sections larger than 0.050 in. thick 


Plated and coated finishes have no effect 
on flash welds if the coating is an elec- 
trical conductor. However, flash welding 








































enough to allow cooling, tendency to stick will be reduced. Use flat tipped or dome faced elec- 


of metal in the projection b 
trodes to minimize indentations. Welds made in this manner leave the surface clean and bright. 


pressure. 


i , See spot welding for oth 
TiN PLarE. Use shorter welding time of one to three cycles, 50 percent more current, and 50 per- 


cent more pressure than mild steel. Use flat tipped electrodes to minimize indentations. 


GALVANIZED STEEL AND GALVANIZED ZINC PLATED. Zinc coatings on thicknesses up to 0.078 in. are 
not materially affected. If thickness is greater, the zinc coating is partially destroyed but a chemical 
reaction induced by welding retards rust penetration beyond outside surface spots. To minimize 
vaporization of zinc, reduce welding time use current and pressures 25 to 50 percent larger than 


for welding mild steel. However, it is essential to maintain close control and to have sufficient 
machine capacity 







ALUMINIZED STEEL. Major difficulties arise from porosity and severe indentation of spot weld 
Wire brushing the surface minimizes 


expulsion and electrode pick up. Two-inch radius domed 
tips recommended with current 30 to 


50 percent higher than mild steels of same thickness. 


CHROMIUM PLATED STEEL. Not recommended 


because coating is usually thin and surface is 
marred by spot welding 


COATED METALS 


NICKEL PLATED STEEL. Not recommended 
CADMIUM PLATED STEEL. Because the coating has a low melting point, high electrode force is 
required to reduce electrode-to-sheet resistance. High current and short time settings are also 


recommended to reduce the flow of heat from the weld to the sheet surface. Frequent cleaning of 
electrode tips is necessary 


PHOSPHATE COATED STEEL. The coating affects electrical resistivity of the surface to a degree that 
prevents passage of current through the sheet at low pressure. Some success in spot welding at 


high pressures. However, variations in coating have been found sufficient to prevent welding. 
Spitting occurs, electrode tip life is short and tip pick-up occurs. 


Used on magnesium alloy sheet and extrusions in thicknesses up to 
3/16 inches; alloys ASTM AZ31X, Ml, and AZ61X frequently 
welded. Pre-weld cleaning essential to produce consistent welds 
Chemical pre-weld cleaning preferred since a low and consistent sur 
face resistance can be maintained for about 100 hours. Mechanically 
cleaned material should be spot welded directly after cleaning since 
surface resistance increases within 8 to 10 hours 


where condensation takes place. Dome shaped tips w 
2 to 6 inches are most commonly used. The 4 deg. fla 
employed with diameters from “% to 1% inches; espe 
on one side of work where freedom from marks is ess: 
tips seldom used. Copper pick-up undesirable since g 
sion on magnesium will occur. This precludes frequent 
fine grit aluminum oxide cloth backed with soft rubb 





MAGNESIUM BASE ALLOYS 


HIGH NICKEL 
ALLOYS 
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Both a-c and stored energy machines can be used satisfactorily 
Rapid pressure follow up heads required to maintain pressure on the 
weld during solidification due to the high shrinkage and high thermal 
conductivity. In comparison to welding the aluminum alloys, short 
weld durations, lower current density and lower welding pressures 
used. Synchronous timing is essential in control 

Electrodes Group A Class 1 recommended, however hard rolled 
pure copper can be used as offset electrodes. Water cooling employed 


however should never be cooled below the dewpoint temperature 


Factors such as pre-weld cleaning, frequency of dr 
and variables encountered in welding are dependent | 
composition and hardness. In welding dissimilar allo 
should be in contact with sheet requiring greatest heat 
When welding sheet of unequal thickness, electrode w 
tact area used against the thicker material. In addition 
nesses should not exceed 2:1. Spot distance ranges 
16 times sheet thickness; edge distance 4 to 6 times 
Weld nugget resembles a chilled casting and has t 
properties of cast metal. 


Welding procedures similar to those used with steel. Recommend Group A, Class 2 electrodes Applicable for these all 
When welding dissimilar thicknesses, recommend using a Group B electrode to position the weld mended that projectior 
For Inconel or Monel, use a 20 deg. bevel flat faced electrode. A 10 deg bevel flat electrode for than recommer lations 
nickel will reduce sticking. In addition shortening weld time reduces sticking. Careful pre-weld Higher pressures and | 
cleaning required are also advisable usua 
Minimum weld spacing and contacting overlap is depe ndent on thickness being welded Values 

for weld spacing varies from %2 in for 3/64 in. thickness (two sheets) to two in. for “% in 

thickness (two sheets). Values for overlap are from 5 16 to 77 in. using above conditions 

ZiNC ALLovs. Little procuction data, but die castings containing 95 percent Spot Welding: Upper electrode point di 
zinc, ] percent copper and 4 percent aluminum have been resistance welded pressure 230 1b., current 10,500 ar time 


using all procedures satisfactorily. Full synchronous electronic control rec off 
ommended. Recommend pulsation welding technique for both spot and pro- 
jection instead of single pulse with electrode material Group A class 1 


seam welding, use electrode material Group A class 2 
ported has been on sheet 0.018 in. and 0.024 in. thick) 
Typical data on % in. material follows 


2 (only experience re 


Projection: Both electrodes fla: 


For dia., pressure 130 1b., current, 15 amy 
cycle off 
Seam Welding: Wheels, nine in. dia., 11 











welding for other 


e shaped tips wit 


the projection because of the 








coated metal. 


slightly higher pressures and currents than un- 


destroys the coating in the weld and the 
area adjacent to it. Flash welded parts 


Frequent cleaning of the electrode wheel is re- have to be treated to restore surface 


quired when welding materials with a low melting properties in this area 
point coating. Although such a coating usually 
melts during the process, sufficient coating is left 
in the weld area to afford partial protection from 


corrosion 


PLATED STEELS 
destroys the plating 


h radii from Conditions similar to that of spot welding exhibit- Hydraulic flash welding machines with 


Not recommended. seam welding 





i. The 4 deg. flat tips are also ing comparable strengths. Never used in joining rapid burn-off and fast push-up are best 
1% inches; especially desired of flat sheet due to buckling. Used in the manu- suited for magnesium. Good welds can 
ym marks is essential. Conical facture of cylindrical drums. Very little application be made with 90 percent strength effi- | 
lesirable since galvanic corro- for seam welding so that only a few fabricators ciency 

ecludes frequent dressing with are equipped to do this work. 

| with soft rubber pad. 

frequency of dressing of tips 

are dependent upon the alloy 

! dissimilar alloys, smaller tip 

ing greatest heat input to weld. 

1ess, electrode with larger con- 

rial. In addition, ratio of thick- 

listance ranges between 8 and 

ice 4 to 6 times the thickness 

sting and has the mechanical 

ble for these alloys. It is recom Procedures guided by conditions for spot welding Not recommended for upset welding be- 

that projection height be less Electrode diameter of 5/16 to one in. used for spot cause of tenacious oxide; suitable for 
commendations for mild steel welding (exact value depending on composition flash welding, particularly when joining 
pressures and longer weld times and thickness welded) can be used as width of dissimilar metals. 

» advisable usually wheel face Flash welding procedures very similar 
to that used for steel. Exceptions include 
higher forging pressures because of 
higher hot strength of these alloys, less 
initial jaw spacing because of higher 
electrical resistance, and closer control J 

ectrode point diameter, % in. lower electrode, flat; in. per min.; pressure 1,680 lb; current 19,700 amps; time, 33 cycles on, 12 

),500 amps; time, 3 impulses—13 cycles on, 5 cycles cycles off. Weided under flowing water. 

Butt welding: (For *% in. dia round bar). Pressure 670 lb; current 19,400 
odes fla: ne projection, 0.064 in. high by !4 in. amps; time 2.3 sec. 

rent, 15 amps; time 8 impulses—5 cycles, on 1 LEAD AND LEAD ALLOYS. Require low currents and low pressures. Welds in 

pure lead are ductile but lack strength. Welds in lead-antimony alloys are 
nine in. dia., 11/32 in. width face; wheel speed 14 stronger but less ductile. 






















































Fundamentals of Resistance Welding 


SPOT WELDING PROJECTION WELDING SEAM WELDING 
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Pressure | h » 
High amperage current at low secondary voltage applied | Pressure 
t ugh small electrodes causes local fusion of a small area 
r spot which, when cooled, forms into a weld “nugget.” 
Mechanical pressure is maintained from initial contact until High amperage at low secondary voltage flows from High amperage current at low secondary voltage applied 
after the current has been cut off dies or electrodes through projections or embossments through circular electrodes which transmit both current U 
Pulsation welding is similar to spot welding except weld is previously formed on one or both of the workpiece and the necessary pressure in producing a series of over- t! 
ade with more than one impulse of heat. Welding current These determine location and size of the weld nugget lapping welds. The weldment is produced as two or more a 
interrupted, one or more times, without removing the work and serves to localize the current. At the projection sheets of base metal pass between the electrode wheels. t 
releasing the pressure the metal melts and is welded by pressure. o 
High production speeds possible with speed dependent on skill Projection welding usually performed in multiples. | High production, semi-automatic since work is fed into l 
f operator when equipment is either foot or hand operated High production speeds and good joint strengths pr revolving electrode wheels. Where overlapping spot welds I 
Completely automatically controlled apparatus available | vided that design of projections are within recon are employed, gas tight seams are realized. Where spots l 
Where items to be welded are bulky, portable equipment is mended practices. Used in joining sheet to sheet, sheet are not overlapping, the process is known as “roller spot 
available. No extra metal is required as in riveting, brazing to tube, sheet to solid bar or wire and previous! welding.” No weld bead visible, although there is some 
oldering or fusion welding. Savings in machining and straight formed sections made from either sheet or bar. | marking of joined members by the electrode wheel. Mini- 
eni — P Sear 1 1 z — | g 
» ling operations after welding. Good appearance ——— —— f| mum distortion and warpage. | 
e APPLICATIONS. Joining thin to medium thick parts either of within a concentrated area; to weld fasteners and t APPLICATION. Used to best advantage where long linear 
© imilar or dissimilar metals; tacking assemblies prior to fur join parts having natural projections | welds or spaced multiple shots are desired. Large sheet 
< ace brazing or arc welding. Used for products like cabinets welding, tube welding and similar products. Parts manu- 
za ieet metal assemblies, equipment frames | factured in large volumes are especially adapted to 
<a Three general types of joints: 1) coach joint—joining flanges | automatic feed. Some small parts requiring continuous 
> ned at a 90 degree angle; 2) lap joint—weld placed in center | seams. Parts that require liquid or gas-tight seams. 
2 rlapping edges; 3) butt strap joint There are three types: 1) continuous—gas- and water- 
tight weld made by continuous wheel rotation and un- 
F sation welding advantages include increased electrode | interrupted current; 2) overlapping—more stable than 
water cooling in off-time cycles; can weld thicker | continuous; made by interrupting current so individual 
production using same equipment; lower current overlapping spot welds form; 3) roll spot welds—appear 
ies can be used, minimizing spitting and splashing of weld like carefully spaced spot welds, made by interrupting 
scaly steels and oxide coatings can be penetrated by current for longer intervals between welds 
ilsation; high carbon and other brittle steels can be welded 


annealed 







kness limitations vary from one-half to one inch thickness Usually requires tooling to form projections un) 
heets) depending upon the alloy type. Weldability also projection is natural (line or point contact betw 
factors such as low electrical resistance and high parts). Metal must have sufficient strength to supr 








nductivity. Requires flanges and overlaps of proper the projection—brass is not usually satisfact: 
ign for accessibility and maximum weld strength. Equip- aluminum parts are limited to extrusions, and cop 
t high power supply is unsatisfactory because of low electrical resistance 


high heat conductibility, and low strength. 
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End to end joining of rods, tubes, bar, sheets and other sectiors. 


Current 


Pressure < 


wow 
FLasH. Weld is made over entire ees 
area of abutting surfaces and the 
pressure is applied only after 
heating has been substantially completed. Current-carrying 
dies grip the work with abutting edges brought together lightly 
producing an arcing or flashing action. This forms a molten 
area at the edge and subsequent pressure forces out the molten 
metal and produces the weld in the plastic zone right behind 
the melted area. 


Doris. a 


Upset. Current carrying dies grip the work pieces and hold 
them in close end-to-end contact under pressure until the ends 
are sufficiently heated so that a weld is made by the applica- 
tion of this push up pressure. Pressure is maintained through- 
out the entire cycle. 


Upset. Limited to relatively condensed sections, however can 
be used in joining tubes, bars, etc. This process, because of its 
limitations, has been largely superseded by flash butt welding. 


FLasH. More widely used than the upset butt method since it 
can also weld sheets and other extended sections. Other ad- 
vantages include greater weld strength, smaller power demand, 
less power consumption, greater speed, less heat developed in 
the body of the work, special preparation of weld surfaces not 
required, can join dissimilar metals varying widely in indi- 
vidual fusing temperatures. 





Upset. Abutting sections inust be identical in size and shape 
(maximum variation of dimension allowable: 15 percent). 
Tight fitting, clean surfaces required. Design of part welded 
is critical. High tooling costs. Relatively high equipment main- 
tenance costs. Power requirements limit size of section that 
can be welded. Require clean, smooth and uniform surfaces 
for die contact. 


FLasH. Abutti also should be identi 


Pressure 


Welding gun 






Current Stud holding 


collet 


Modified arc welding technique for joining a 
stud to a flat or curved sheet or plate. High 
amperage, low voltage is discharged through 
the stud as tip touches sheet causing an arc. 
Heat of arc melts adjoining surfaces of stud 
and workpiece which are then firmly joined by 
spring pressure supplied by the welding gun. 
The stud, usually a machined screw, hooks or 
eyebolts, has a flux-filled tip. 


Quite rapid with a weld being made in about 
12 sec. Inexperienced operators can do stud weld- 
ing, producing from 500 to 1,000 welds per eight- 
hour day. Good fusion between sheet and stud. 
Studs can be placed even in difficult locations. 

Applications. Widely used in ship building, 
transportation and oil industries. Use is ex- 
panding in many other basic industries where 
it is replacing conventional metallic arc weld- 
ing. Can be used on mass produced products like 
appliances, automobiles and nameplates as well 
as shorter run industrial products. Same as in 
any arc welding process: low carbon content re- 
quired to prevent weld brittleness caused by 
hardening effect of carbon; low sulfur content 
required in ferrous alloys to prevent embrittling ; 
low lead content in nonferrous alloys. Other 
alloys, like copper bearing aluminum, may not 
be satisfactory because of low corrosion resist- 
ance and other poor mechanical properties 


There is no limitation on maximum thickness 
of sheet, but minimum thickness for satisfac- 
tory welding is 0.02 in. Strength of the weld is 
normally measured only by the strength of the 
material, or the stud. 


LESTER F. SPENCER 


Chief Metallurgist, Landers Frary & Clark 


GENERAL INFORMATION 


Conditions for welding mild steel are used as a stand 
ard. The following rules of thumb apply for determin 
ing variables when welding mild steel 


For Spot Welding. (SAE 1005 to 1020 steel.) 
1. Tip Size dia (0.1 
6000 


two thicknesses) 
2. Pressure (two thicknesses) 
3. Time in cycles (two thicknesses) 100 


4. Secondary amps (two thicknesses) X 100,00 


For Seam Welding 
1. On and off time 


cycles per second X 60 


in. per minute weld speed spots per in 


2. Number of spots per min 


cycles per second X 60 


on time off time 















DESIGN CONSIDERATIONS 


ELECTRODE SELECTION 


DING. Applied loads should be shear loads; spot welds in- 
erently develop stress concentrations at the edge of the weld 
nd the inner faces of the sheets when subjected to tension or 
ngle loading. Strength of weld in tension is erratic, but it can 

ised in compression 


ING. There is a minimum distance that must be provided 
for both spot spacing and edge distance. Edge distance should 
be sufficient to retain all fused metal in one place and prevent 
expulsion of metal at the edge. Spot spacing should be at least 
five times weld diameter. Insufficient spot spacing will shunt 
welding current producing weak welds 


NuMBER. Increasing the number of spots in a structure will 


rease shear strength. To get shear strength as nearly equal 
tensile strength as possible use additional rows of spot 


welds until the sum of the spot diameter is equal to or greater 
than the width of the sheet 


PATTERN. Arrangements similar to rivet spacing supply high 

int efficiency. Three types: 1) single row—spot aligned on 
requires the least amount of overlap. 2) 
row—requires greater overlap but more evenly dis- 
utes the loading to increase service life. 3) Double row 
aggered—requires less overlap than the straight double row. 


ent 


iter dimension 
iouble 
+e} 
NUGGET SIZE. Electrode tip size controls weld nugget size. As 
material thickness increases, nugget diameter must increase to 
levelop proportionate shear strength. As rule of thumb, tip 
diameter is figured by 
diameter (0.1 + 2 sheet thickness) 
).060 in. material, weld nugget is 98 percent of tip di- 


material, weld nugget is 90 percent of tip diameter 
material, weld nugget is 110 percent of tip di- 


DesiGN. Tip shapes fall into four general classifications: 1) 
2) truncated cone form with flat contacting area; 3) 
dome-shaped tip with flat contacting area; and 4) dome-shaped 
tip with spherical contacting area. To reduce surface indenta- 
tion to a minimum, use flat-faced electrode against the critical 
surface and one other type opposite to localize current. Other 
factors affecting design: accessibility of weld area, composition 
and thickness of parts, and finished surface requirements. There 
must be sufficient clearance so that the electrode is not shorted 
on the sides of the weldment. Offset tips are used when flange 
area is not sufficient for standard holders. Cooling water should 
come as close to the electrode surface as possible; volume of 
flow should be such that maximum water temperature rise 
through the electrode is about 20 F 


flat face 


MATERIALS. Group A (copper base alloys- RWMA standards.) 
Class 1: General purpose material with high electrical and 
thermal conductivity. Used for spot welding aluminum alloys, 
magnesium alloys, brass, bronze and coated materials such as 
rne plate, tin plate, galvanized iron, and cadium plate. Class 
I is not used in cast form 


Class 


) 


For high level production and applications that 
require heat treating; used for welding clean mild steel, low 
alloy steels, stainless steels, low conductivity brasses and 
bronzes, nickel-silver, nickel, nickel alloys and monel 

Class 3: Not recommended except for welding high elec 
trical resistance materials such as the stainless steels. Alloys 
in this class are heat treatable 


Group B (copper-tungsten alloys). Not recommended 








For a given thickness of stock there is an optimum 
height and diameter of projection. They should be 
round or as close to it as possible. There are three 
common types: 

1) button—used in flat sheets with thickness from 
24 to 13 gage, or 0.025 to 0.0937 in. thick. 

2) Cone—more rigid than the button; used in flat 
sheets from 12 to 5 gage, or 0.01093 to 0.218 in. thick. 

3) Spherical—used in heavier sections and forgings. 

Three fundamental rules. 1) Projection must be 
sufficiently rigid to support pressure applied by the 
electrodes or dies. 2) It must have sufficient mass to 
heat the opposing surface to proper welding tempera- 
ture. 3) It must not be sheared or distorted when ini- 
tially formed. 

W here to place projection. Basic rules of heat trans- 
fer control location of projection. When welding dis- 
similar metals, place projection on part having the 
highest thermal and electrical conductivity. If weld- 
ing light to heavy gage, make projection diameter 
and height as per light gage specification. If welding 
heavy to light gage, make projection diameter as per 
heavy gage specification, and projection height as to 
light gage specifications. 


DesiGn. Flat surfaces of dies have larger areas than 
spot welding electrodes. Opposing faces of the dies 
must maintain a parallel relation. Design depends 
primarily on the nature of the job. If dies have gages, 
clips or locators attached, design should prevent the 
accessories from carrying current 


MATERIALS. Group A (Copper base Alloys) 
Class 1: Not recommended but can be 
Class 2 
dies 
Class 3: Specifically recommended, particularly 
when cast for highly stressed structural and current 
carrying parts of the electrode dies 

Group B (Copper tungsten alloys 

Class 10: Recommended for die facings and inserts 
when high electrical conductivity and malleability is 
desired 

Class 11 
electrodes 

Class 12: For heavy duty pr: 
trodes. 


used for dies. 


Not recommended but can be used for 


For general purpose proje 


welding 


ect 


' elec- 


SPACING. As a rule of thumb, to produce a gas tight weld 
use spacing ranging from 12 spots per in. with a weld- 
ing speed of 12 fpm for light gage to 8 spots per in. 
with a welding speed of 2 fpm for heavy gage. 

Width of welding wheel depends on thickness of stock 
and type of current. (See spot welding for edge spacing 
and nugget size.) 

Design of joint important for economical use of seam 
welding. Work clearances should permit use of standard 
arms and wheels. Abundant cooling water required to 
improve weld quality and retard wheel wear. In addition 
water will retard warpage, minimize surface burning 
and pick-up on wheels. 

Mash seam welding requires lap 1% times the thick- 
ness of one sheet. Weld wheel about 2% times the width 
used for standard seam welding. Pressures are about 
three times that required in ordinary seam welding. Final 


mash thickness is about 25 percent greater than the 
original thickness of one sheet. 


DESIGN. Many factors involved in spot welding apply 
here with these additional considerations: wheel diam- 
eters vary from seven to 10 in.; edge or face in contact 
with the work has a slight crown and rounded corners; 
width of wheel usually varies between % to % in., with 
a minimum value of 1/8 to 3/16 in. When welding coated 
stock used knurled wheels with frequent dressing. 


MATERIALS. Group A (Copper Base Alloys) 
Class 1: Same as spot welding. 
Class 2: Same as spot welding. 
Class 3: Not recommended. 


Group B (Copper tungsten alloys) 


Class 10: Not recommended. 

Class 11: Recommended for seam welder bearing in- 
serts. 

Class 12: Principally for welding non-ferrous metals 
having relatively high electrical conductivity. 








shape with same maximum variation in dimension as upset. 
Beveled edges on one or both parts required to obtain good heat 
balance. Design of parts is critical. High tooling costs. Rela- 
tively high maintenance. Considerable spattering during proc- 
ess. Upset area larger than in upset butt welding. 
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FLASH. 


Parts SHAPE: Sections must be shaped so that both pieces will 
attain the same degree of plasticity and depth of plastic zone 
during flashing action. Sections of weldments should be nearly 
identical in shape and size. Also parts must be shaped so they 
can be held to alignment by the clamping dies during the 
forging action. They require enough area to allow application 
of the clamping force. Also in the shape of the parts, reactive 
resistance forces should not tend to destroy alignment during 
forging. Forging force should be resisted in the workpiece by 
forces that are parallel to the axis of the workpiece and to the 
direction of the welder forging force. 

Large sections require bevels. In flash welding, joint design 
is important to obtain proper heat balance when welding dis- 
similar metals. 


DesiGN. Proper choice depends on the shape of the part to be 
welded. Ability to resist compression usually is more important 
than conductivity except when welding non-ferrous metals that 
require good current distribution in the dies. Electrode dies 
always fit the work exactly to insure intimate contact and 
proper alignment. 


MATERIALS. Group A (Copper Base Alloys). 

Class 1: Can be used for flash and upset welding dies 

Class 2: Can be used for flash and upset welding dies and 
current carrying members. 

Class 3: Specifically recommended for butt welding dies 
current carrying shafts and bushings. 


Group B (Copper Tungsten Alloys) 


Class 10: Recommended for facings and inserts in dies where 
high electrical conductivity and malleability are required 

Class 11: Harder material than class 10 for use in facings 
and inserts of butt welding dies. 

Class 12: For heavy duty upsetting of rivets and studs (Not 
usually used). 

Class 13: Not usually used for upset or flash welding 


Studs can be spaced as close as “% in. With 
automatic equipment stud locations are main- 
tained within a tolerance of 0.003 in. 


Size and design depends on application. Diam- 
eters range from 0.060 to 1⁄2 in. Studs may be 
threaded or unthreaded, produced as screw ma- 
chine or cold headed products. Length should 
be at least twice the diameter to permit auto- 
matic selection. 





None required. Proper stud holding collet de- 
pends on stud diameter. 
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From: The Bell System-Technical Journal 


INFORMATION ON 


G FASTENING AND JOINING 


Pressure Type Connection 


New solderless wrapped connection eliminates soldering, 


reduces cost, improves quality and conserves space. 


Connection is compared with other pressure connections and soldering 


and wrapping and removal methods are shown. 


R. F. MALLINA 


Methods of joining wires to ap- 
paratus terminals for the purpose of 
electrical conduction can be broadly 
divided into two groups: solder con- 
nections and pressure connections. Be- 
cause of the high cost of manual solder- 
ing, the pressure connection is of great 
importance to the electrical industry. 
One form of pressure connection—the 
solderless wrapped connection—ts a 
new method that reduces cost, improves 
quality, and conserves space. The meth- 
od uses a wire-w rapping tool to produce 
a gas-tight joint. 

The pressure connection is formed 
by wrapping about six turns of the 
wire under high tension around a ter- 
minal lug. The tool used for making 


the assembly is a hand-held gun that 
has a rotating spindle powered by air 
or electric motor. The spindle has an 
axial opening that receives the terminal 
and a second opening radially separated 
from the spindle into which the 
skinned end of the connecting wire is 
inserted. Rotation of the spindle causes 
the skinned wire to wrap around the 
terminal in a tight helix, making a firm 
mechanical metal-to-metal joint. Con- 
tact pressure in the finished assembly 
is a minimum of 15,000 psi for the life 
of the connection, and 24 contact areas 
are produced when using a rectangular 
terminal wrapped with six full turns 


Pressure Connections 


Of the six typical pressure connec 
tions, shown in Table I, the solderless 


wrapped connection is the only one 
that meets all pressure connection re 
quirements Of the seven requirements 
a good connection depends funda 
mentally on two factors: contact area 
and contact pressure 

Contact area: The effective contact 
area relative to the cross sectional area 
of the wire is of great importanc 
since it controls the resistance of the 
connection. It must remain uniform in 
size, metallically bright and not be 
affected by temperature changes, vibra 
tion and handling 

Contact area is not easily defined 
For example, two flat metal surfaces 
having an area of one sq cm each and 
brought into contact do not necessarily 
have a contact area of on 
the force holding them 


Table I1—Classification of Pressure Connectors 





Requirements 


Large contact orea 


m 


2 High contact force 





fe 


Mechanically stable 
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Wrapping and Removal of Solderless Connection 


Wrapping: The operation of loading the wire and wrap- 
ping the — is shown above. Position A shows 
the tool tip; B, the base wire 2, inserted into the feed 
slot 4; C the pte oko of the wire by bending it into 
the notch 5; D the 


terminal insertion: and E the wrap- 


jaws of a pair of pliers (A), or (B) a formed block 
Another method (C) is by unwinding the helix by using 
a pair of pliers. 

A terminal is not seriously damaged by stripping, x 


ever, the reuse of stripped wire is not recommended. 


ping of the wire 2, by rotating the spindle 1, around the 
terminal 3 J Position F is the finish connection. 

Removal : The wire may be removed from its terminal by 
two methods; the most convenient method is by stripping 


Two types of tools may be used: the specially formed 


wire may be reconnected by skinning to the proper length 
and wrapping. When the wire is not sufficiently long to 
provide the necessary number of turns to insure a good 
connection, one or two turns may be wrapped and then 
soldered to the terminal. 
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small, only the high points of the sur- 
faces touch and large currents passing 
through such a connection may develop 
heat and melt the metal at the high 
spots. 

Contact force: To make the one sq 
cm effective for electrical conduction 
it is necessary to press the two metal 
parts together with a force so high that 
essentially all particles of the area arc 
intimately interlocked and free from 
insulating impurities. If the pressure is 
high enough the film which appears in 
the form of an oxide on the terminal 
surface is crushed. In general, it is 
assumed that in a good connection the 
contact force should be such that thc 
contact area produced is equal to or 
greater than the cross sectional area of 
the wire. In screw, crimped and 
wrapped connections the contact area 
is normally a multiple of the wire cross 
sectional area. In plug connections, 
such as on vacuum tube sockets, the 
contact area is very small. In a Fahne- 
stock clip for example, the contact 
area is about 14 of the cross sectional 
area of the wire 

Life: If the electrical resistance of a 
joint is to remain constant 
with time, it is the contact area that 
must remain substantially constant, but 
not necessaraily the contact force. Once 
the metal particles are tightly inter 
locked a subsequent reduction in con 
tact force within relative 


pre ssurc 


wide limits 
does not change the electrical resistance 
The resistance will increase only when 
the force is reduced to such a low 
value that vibration and handling cause 
partial separation of the contact area 
Then, two changes may take place: 

I The atmosphere may enter 
through the fringe of the contact area 
and corrosion may begin 


) 


The effective contact area may be 


reduced through dislodging some of 


the contacting particles 
In either change the resistance is in- 
creased. Therefore, to produce a dur- 


1—A substantial reduction in wir- 
ing defects in manufacture and 
in service because of: 

a—greater uniformity  ob- 
tained with a calibrated 


tool. 

b—less breakage of wires 
caused by handling and vi- 
bration. 


c—no solder splashes. 
d—no clippings. 

e—no cold joints. 
f—no rosin joints. 


able connection it is important to have 


Table II—Advantages of Solderless Connections when Compared to 
Soldered Connections 


a firm joint and one such that the at 
mosphere cannot enter the contact area. 
The term commonly used for such a 
joint is “gas-tight.” 
Elastic Reserve 

In all types of pressure connections, 
the forces that hold the wire and ter 
minal together are provided by the 
springiness or elasticity of the mate 
rials. The elasticity in a Fahnestock 
clip is quite apparent because of the 
long spring member. On the 
hand, a screw connection, 
shown in Fig. 1, does not appear to 
have spring members of any kind 
Analysis, however, shows that there is 
considerable elastic deformation 

To determine the 
connection and compare pressure con 
nections of different kinds, the elastic 
reserve in the deformed wire and the 


other 
suc h as 


usefulness of a 


deformed terminal must be compared 
or computed. Elastic reserve might be 
expressed either in terms of stiffness or 
the potential energy stored in the sys- 
tem. Stiffness, S, is defined as the ratio 
of the applied force, F, 
return, D; potential or elastic energy, 
E, is ^ of the product of the force, F, 
and the elastic return, D. E 1^ FD. 

For example: A wire is placed under 
a screw, Fig. 1, and compressed by the 
screw head to a thickness D. The screw 
is then loosened so that it just touches 
the wire. The wire has expanded to a 
certain extent and its new thickness is 


to the c lastic 


D». The difference (D.-D,=Dw), 
Fig. 2, is the elastic return and the ratio 
F/Dw. Sw is the useful stiffness of 
the wire 


Screws in terminal blocks are nor- 
mally made of hard materials such as 
brass or phosphor bronze. Wires used 
for the interconnection of components 
are nearly always of a soft material and 
have a tendency to creep. If creep takes 
place in the wire during the service life 
of the screw connection, it is advan- 
tageous to have the loss of potential 
energy in the wire compensated for by 


2—Less expensive connection. 

3—More compact connection. 

4—More clearance between cur- 
rent carrying parts. 

5—Easy to disconnect. 

6—Saving of tin. 

7—No contact contamination from 
soldering fumes. 

8—No damage to heat sensitive 
materials in circuit components. 

9—No hazard from hot soldering 
iron. 







Spring analogue 

















Fig. 1. Screw tightened and wire com- 
pressed, with spring analogue. 




















Spring cnalogue 






































Fig. 2. Screw loosened and wire not com- 
pressed, with «pring analogue. Wire recovery 
is denoted by Dw. The recovery of the screw 

















is D.-Dw. 
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(e) 
(b) Coined wire 
U terminal terminal 
(f) 
y € Twin wire terminal 
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Fig. 3. Various terminals that can replace 
rectangular type. U or V shaped terminals 
are recommended for very thin terminals 
and are particularly suited for vacunm tube 
sockets and thin relay springs. 









































(A) (B) 


-Medium tension 
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Fig. 4. Stress distribution, A, along 14 turn 
of wire and B, a cross section through ter- 
minal edge showing stress distribution in 
wire. 






(B) 
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Fig. 5. Standard soldered connection, A, 
of U-relay compared to a solderless wrapped 
connection, B, of modified U-relay terminal. 





the energy stored in the screw. A screw, 
tor example, made of copper 
would not be expected to make a last- 
ing connection. If on the other hand 
the screw is made of a material that 
has little creep and high elasticity, it 
would act as a spring member and tend 
to keep the connection tight 

In comparison the wrapped connec- 
tion is in many ways similar in struc- 
ture and performance to the screw con- 
nection 

The wire is wrapped around a ter- 
minal of rectangular 
which can be inexpensively 


soft 


cross section 


y blanked 
from sheet stock or coined from round 
wire. Fig. 3 shows terminal 
that can be successfully used 
These terminals are ideally suited for a 
pressure connection because the edges 
produce a 


other 
torms 


concentrated high pressure 
The 
the wire produced by the terminal edges 


is shown in Fig. 4 


on the wire stress distribution in 


If the wire is wound 
with high tension around the rectangu 
lar terminal, the terminal edges dig 
the soft copper wire, crush, and 
oxide on both the wire and 
minal intimate 


ind metallically clean gas-tight contact 


ar tne 


the t to form a large, 


area. An indication of the high pressure 
crushing of the hard nickel silver 
1ges, by the soft copper wir: 


e 


turns of th 


wire are required 


to preserve the high contact force. In 
general it is assumed that the first and 
last two edges around which the wire 
is wrapped do not contribute to the 
Joint as contact areas. A seven turn 
wrapped connection on a rectangular 
terminal thus has six effective turns 
Each turn contacts 4 edges or a total of 
^á contact areas for 6 effective turns 

Thus, a good connection, Table III, 
may be defined as one that not only has 
sufficient contact area and contact pres- 
sure but that also has sufficient elastic 
reserve to maintain contact area and 
contact pressure throughout the desired 
life 


Mechanical Disturbances 


The mechanical disturbances to 
which a connection may be subjected 
are: handling, vibration, temperature 
changes and cold flow 

Handling and vibration: The solder 
less wrapped connection is well pro 
tected from the point of view of han 
dling and vibration. The locking effect 
on the rectangular terminal or a ter- 
minal having well defined edges does 
not permit loosening of the center 


from the terminal 


turns In vibration 


tests where conventional soldered con 
nections were compared with solderless 
wrapped connections, it was found that 


the latter outlasted the soldered con- 


nections. This is because of the fact 
that a sudden change in cross section 
from wire to solder lump localizes the 
stresses at a very small area, Fig. 5A. 
In the screw connection a similar con- 
dition exists where the wire emerges 
from under the screw head. In the 
solderless wrapped connection there is 
no sudden change in cross section and 
therefore no localization of stresses. 
The term commonly used to indicate 
the gradual change in rigidity of the 
wire, Fig. 5B, as it approaches the 
anchoring point is "tapered stiffness." 

Heat and cold flow: When a pres- 
sure connection is subjected to high 
temperatures, that may be caused by à 
large current or to heat transfer from 
adjacent components, the pressure at 
the joint is relaxed. This is true in the 
solderless wrapped connection as well 
as in the screw connection. The same 
process of relaxation takes place in 
normal temperature with time Under 
ordinary conditions the relaxation of 
pressure in a solderless wrapped con 
nection is not sufficiently large to in- 
dicate any change in resistance during 
a 40 year life test. Furthermore, solid 
state diffusion takes place as time goes 
on and tends to strengthen the joint 
mechanically and improves it electrical- 
ly, thus, increasing the life expectancy 
of the solderless w rapped connection 


Table III—Comparison of Pressure Connectors for No. 24 (0.020 in.) wire 




















derless 
Wrapped 
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G FASTENING AND JOINING 


Developments to Watch 


HIGH TENSILE BOLTS... . De- 
velopment work done by the Research 
Council on Riveted and Bolted Struc- 
tural Joints, and reported by the In- 
dustrial Fasteners Institute, has brought 
to light many interesting facts about 
high tensile bolts. One of the most 
interesting points dealt with the stress 
strain curve and preloading effect on 
these bolts. 

In assembling a bolted joint, the 
prime object should be to tighten the 
bolt to induce a load well beyond its 
recommended preload value. At pres- 
ent the recommended preload is 90 
percent of the proof load. This is a 
minimum. The actual bolt tension may 
be higher; in fact, there is no known 
maximum except breakage of the bolt 
itself during assembly. Many engincers 
have the idea that bolts stressed beyond 
their yield point immediately become 
plastic and lose all their load « arrying 
capacity. This is not true. The stress 
strain curve for a high tensile bolt is 
a straight true modulus line up to the 
elastic limit and then curves off gradu- 
ally without any sudden or clearly de- 
fined yield point, to an ultimate 
strength that is 70 percent greater than 
the minimum  preload requirement 
There are two important facts—first, 
there is no sudden yield point, and 
second, this 70 percent is a reserve 
strength which gives the bolt plenty of 
additional capacity above the minimum 
requirement. Joints with bolts stressed 
beyond their yield point will perform 
equally well as joints with bolts « arry- 
ing the recommended preload They 
will carry just as much load whether 

itically or in fatigue and the bolts 
themselves are not weakened due to 
overtightening. This has been satisfac- 
torily demonstrated many times. 


AUTOMATION IN WELDING. 

. Much has been written about auto- 
mation but little has been actually ac 
omplished. Now, in the field of weld. 
ing, a start has been made without en 
tailing tremendous costs. 

The General Electric Company has 
developed a welding unit for the con- 
sumable-electrode gas-shielded welding 
process that consists of a self-regulat 
welde E 2 
pistol-like holder and an electronic 


ing motor-generator type 


wide-drive unit. Operation is em 
The gun is positioned, the trigger 
pulled to get preliminary gas cover- 
age, then released to feed wire. The 
arc is automatically started as the wire 


touches the work. Operating the trig- 
ger again stops the wire feed and the 
gun is held in place over the work to 
provide gas coverage as the weld cools. 

Electrode wire of aluminum, stain- 
less steel, mild steel, copper, mag- 
nesium and other alloys may be used 
in the equipment with argon or helium 
shielding gas. The process can be used 
to weld aluminum of any alloy in 
thicknesses from 1/32 to 3 in. and 
stainless steel from 1/16 to 1 in. It is 
also suitable for welding aluminum- 
bronze, nickel and magnesium. 

The use of solenoid trips and a con- 
veyor system moving the work past 
the mounted gun would permit a com- 

plete automatic welding system. Wire 
replacement or changing of the wire 
feed speed which can be done while 
welding and without readjusting the 
welder, would be the only factors that 
could not be controlled automatically 


BOLT STANDARDS. . An im- 
portant revision of the Amer rican Stand- 
ard on Hexagon and Square Bolts and 
Nuts has been made after five years 
intensive study and after collaboration 
with British and Canadian standards 
bodies. 

The revision is a significant develop- 
ment in this field in that it provides 
complete product specification of hex- 
agon and square bolts and nuts. Here- 
tofore, standards for these products 
were limited to certain general head 
proportions, leaving all other features 
to trade practices or individual speci- 
fication. The new standards not only 
show standard head proportions but 
body diameters and tolerances, thread 
pitch and class, thread length, point- 
ing, recommended materials, and other 
details required in thc 
manufacture, 
tion of the products. 

The standard also makes the new 
improved unified screw threads avail- 
able to American industry on standard 


specification, 


selection, and applica- 


products, and it is a vital part of mil 
itary standardization of armament of 
Britain. Canada, and the United States 
in mutual defense efforts 

In addition to developing complet 
product standards to suit the needs of 
modern industry, special atte 
given to the similarity of certain exist 


ing products. Studies were made of 
| 
tT 


ntion was 


ve reasons for various proportions 
degrees of finish and accuracy. and 
other factors that may be simplified 
The advantages of the new stand- 
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ards have been so important that an 
appreciable amount of work has been 
done by manufacturers and users to 
prepare for adoption even before final 
approval and issue of the standard. 

These advantages include: 

(1) C omplete specific ation of char 
acteristics that varied with trade prac- 
tice and individual specifications 

(2) Establishment of definite thread 
lengths for the various bolts and 
screws. 

(3) Elimination of unnecessary dit 
ferences between hexagon cap screws, 
automotive bolts, and regular bolts 
well as between light and regular nuts 

(4) Simplification of wrench equip 
ment. 

(5) Conservation of material 

(6) Unification for defense pur 
poses 

The advantages will permit and | 
mote improvement in ovine by - 
ier utilization of material and s; 


| 
attractive purchas 


"acc 
larger and more 
orders: concentrating demand in few 
varieties; greater economy in manutfta 
ture; in reased availability and turn 
over in inventory and stock. 


POP RIVETS Tubular blind 
rivets are coming into inc reased use in 
the aircraft field after years of avoiding 
their use. Glenn L. Martin Company 
have made exhaustive tests and find that 
pop rivets can reduce assembly cost 
and simplify structural design 

The test program consisted of a 
series of extensive static and fatigue 
tests to determine reasonable allowable 
load values. The result of these tests 
proved that the Pop rivet was worthy 
of consideration by designers in air 
frame and other industries where the 
solution to fastening problems are 
dictated by factors combining low cost, 
high strength and endurance. 

The characteristics and the economy 
of pop rivets make them a possible re 
placement for many non-blind fasten- 
ings. A comparison of installation costs 
of conventional mechanically expanded 
blind rivets, solid rivets and Monel 
pop rivets shows values of $150,000, 
$110,000 and $85,000 respectively for 
a typical production contract 

The low unit cost of the pop rivet 
ributed to: rivets being made 
from rolled sheet material which is 
relatively low priced, low scrap factor 
ease of installation and speed of rivet 
ing. Under favorable 
vets can be set at about 


can be att 


onditions r 


20 per minut: 
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How Du Pont Explosive Rivets 


) 
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S 


A 
A 
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BEFORE AFTER 


Cross-section photographs above show 
Du Pont Industrial Explosive Rivets before and 
after firing. Notice at left that cavity containing 
explosive charge extends full length of rivet shank. 
Close drilling tolerances are unnecessary because 
when rivet is fired, shank expands to fill drill hole 
completely. Barrel-shaped shop end locks rivet 
securely in place. (See picture at right.) These 
versatile rivets are fired in as little as ⁄2 second 
with a Du Pont Electric Riveting Iron, or Friction 
Firing Tool, and greatly facilitate fastening jobs 
calling for blind or hard-to-reach riveting. 


BEFORE AFTER 


A recent modification of the standard type 
of explosive rivet is the Blast-free (noiseless) type. 
This rivet has a metal plug in the shop end of the 
cavity in the rivet shank, which contains the explo- 
sive charge. When rivet expands, no deformation 
of the opposite or adjacent structure occurs, even 
when that structure is very close to the shop end 
of the rivet. These rivets store well under adverse 
conditions, and they are practically noiseless when 
being set. More complete information on this 
newest Du Pont Explosive Rivet will be sent on 


request. 


> © Aircraft Problems 


High-Speed Industrial and 


Du Pont Explosive Rivets allow extreme design flexibility that 
often eliminates steps in fabrication. These versatile rivets are a 
real help for fastening in blind spots or hard-to-reach places, and 
help speed work along open seams. First used by the aviation 
industry in World War II, Du Pont Explosive Rivets are now 
widely employed in the manufacture of bus and truck bodies, 
electrical appliances, metal cabinets, washing machines, furniture, 
toys, and various other units. 


DESCRIPTION 


Du Pont Explosive Rivets resemble ordinary solid rivets with one 
important difference. Extending the full length of the rivet shank 
is a small, carefully centered cavity containing a minute, non- 
corrosive explosive charge. Application of heat with an inexpen- 
sive Du Pont Electric Riveting Iron or friction firing tool fires the 
charge, setting the rivet neatly, firmly and quickly in place. 


APPLICATIONS 


These rivets are always set from the head side, and no bucking 
bar is needed. One operator alone can readily set Industrial Ex- 
plosive Rivets at the rate of 20 to 25 a minute, or from 15 to 20 
Aircraft Rivets a minute, 


Touch head of Explo- 
sive Rivet with heated 
Du Pont Riveting iron 
(Note tiny explosive 
charge in rivet shank.) 


Almost instantly . . . 
charge expands, form- 
ing a barrel-shaped 
heod on shop end of 
rivet, setting it in place. 


All Du Pont Explosive Rivets have smooth, finished heads, requiring 
no after-finishing, buffing, trimming or cutting. In every type the 
shank expands to fill the hole completely. Du Pont Explosive Rivets 
are especially helpful in securing nonmetallic to metallic materials. 


WIDE GRIP RANGE 


The wide grip range of Du Pont Industrial and 56S aluminum alloy Aircraft Explosive 
Rivets makes it possible to use the same length rivet to fasten varying thicknesses of ma- 
terial, reducing need for large inventory of rivets. 


2:242?24«2 DU PONT 
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Solve Industrial and 22a, 
in Engineering Design 


Aircraft Explosive Rivets 


Du Pont Industrial and Aircraft Explosive Rivets save time and 
labor on both primary and secondary fastening jobs, and have 
proved so effective in lowering installed fastener costs that they 
have frequently replaced solid rivets and other types of fasteners. 
Engineering designs planned with Du Pont Explosive Industrial 
and Aircraft Rivets often remove restrictions imposed by conven- 
tional fastening methods . . . help reduce costs and save fabrica- 
tion time. 


STRENGTH DATA 


Du Pont Industrial Explosive Rivets assure strong joints, com- 
parable to those made with solid rivets. Single shear and tensile 
strength data for typical Du Pont Industrial Explosive Rivets are 
shown below. (All tested in single riveted steel specimens having 
recommended-size holes. ) 


52S Aluminum Alloy—Brazier Head Type 


Shear 
Strength 
Lbs./Sq. In 


15,200 
15,200 
15,200 


Tensile 
Strength 
Lbs./Sq. In. 


Rivet 
Diameter 


Brass—Brazier Head Type 


49,200 
46,100 
51,700 


8" | 34,600 
5/32" 33,600 
3/16" 31,900 


Tensile strength of DR-204 A-16 Aircraft Explosive 
Rivet: 1,006 Ibs. per rivet . . . convincing reason why 
fastening done with Du Pont Explosive Rivets with- 
stands severe stress and strain 


SPECIFICATIONS 


INDUSTRIAL RIVETS — Du Pont Hi-Speed Industrial Explosive Rivets are available 
in aluminum (52S alloy), brass, nickel-plated brass, and nickel. They are manu- 
factured with either modified brazier or 100° countersunk heads, and are available 
in four diameters — !4'', 5/32", 3/16", and !4"'. Larger rivets having diameters of 
202” and .263” are available in 56S aluminum alloy, and with either modified 
brazier or 100° countersunk heads 


AIRCRAFT RIVETS 


Du Pont Aircraft Explosive Rivets are made with either modi- 
fied brazier or 100 


countersunk heads in two aluminum alloys. 17S-T and 56S. 
They are alodized to meet the noncorrosion requirements of military specifica- 
tions. Four diameters are available: .134"', .171", .202"' and .263"'. 'These rivets 
are manufactured to conform to the new military specifications, MIL-R-7885, 
which cover all military applications. 


A 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 


EXPLOSIVE RIVETS .2 2.2 
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BEFORE AFTER 


Du Pont Aircraft Explosive Rivets are similar in 
design and construction to those produced strictly 
for industrial uses. They perform in the same 
manner and help solve many of the design prob- 
lems encountered by design engineers because: 
|l. They provide a quicker, simpler method of 
fastening airplane sections that can be fastened 
from one side only. 2. They facilitate the design 
of new ultra-high-speed aircraft, as they can be 
used where space limitations are severe. Millions 
of Du Pont Explosive Rivets have been and are 
being used to simplify awkward riveting prob- 
lems in aircraft design and construction. 


BEFORE AFTER 


All types of 56S Rivets are manufactured in 
the Blast-free (noiseless) type. When required in 
sufficient quantity, Du Pont Blast-free Explosive 
Rivets can be furnished in nonstandard dimen- 
sions or in metals other than those listed. Where 
extra strength is desired, rivets with aircraft alloys 
and dimensions can be furnished for industrial 
use, and Du Pont Rivets of special alloys are also 
available for high-temperature applications. 

Du Pont Explosive Rivets are the practical 
answer to many difficult fastening problems found 
in industry, aviation and automotive repair. 


For additional informa- 
tion about Du Pont Ex 
plosive Rivets send for 
your copy of the booklet 
"Du Pont Explosive Riv 
ets'' or contact your near- 
est DuPont Refinish Serv- 
iceWarehouse.E .I.du Pont 
de Nemours & Co. (Inc.) 
Explosives Department, 
Wilmington 98, Delaware 
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Heli-Coil* Screw Thread Inserts Are Your Answer To Almost Every Threaded Fastening Problem — 
Here’s How They Enable You To Improve Product Design And Cut Costs — 


Use Heli-Coil Inserts, and you have permanent 
thread life — positive protection against stripping, 
vibration and wear. 

Use Heli-Coil Inserts, and your threads are for- 
ever free from galling or seizure, unaffected by 
corrosion. 


Use Heli-Coil Inserts, and you get unparalleled 
strength in threaded assemblies. 


Use Heli-Coil Inserts, and you can use fewer, 
smaller, shorter screws, bolts or studs, smaller 


bosses or flanges. 


HERE ARE THE FACTS 


What HELI-COIL Inserts ARE — Precision-formed coils of stainless 
steel or phosphor bronze wire having a diamond-shaped cross- 
section. They line the tapped hole and present a strong, accurate, 
standard internal thread to the screw or stud. Heli-Coil Inserts 
are made for Class 2, 3, 2B or 3B applications in National or 
Unified threads, for automotive and aviation spark plug threads, 
and for straight and taper pipe threads. 

Where To USE THEM— Most importantly, wherever threaded fas- 
tenings are necessary in relatively soft materials — aluminum, 
magnesium, wood, plastics. 


Whenever screws must frequently be removed or replaced. 


Wherever there is any danger of thread failure due to stress, 
vibration, fatigue, corrosion or wear. 


Wherever you want to increase strength of fastening without 
increasing weight or bulk. 

HOW You Install Them — It’s easy. Drill the hole. Tap it with a 
Heli-Coil tap. Then wind the insert into the hole with a hand 
or power inserting tool. 


What HELI-COIL Inserts mean 
to the Design Engineer 


You can use shorter, less bulky thread engagements, conse- 
quently lighter bosses and smaller flanges. You can eliminate 
costly solid bushings. No staking is required. You eliminate 
secondary machining operations. Often you can use cap screws 
in place of stud- or bolt-and-nut assemblies. 


Heli-Coil Inserts require much less space than other types of 
bushings. They are up to 75% lighter in weight than solid bush- 
ings. They assure added strength for any tapped thread, even 
in short thread engagements. You eliminate thread wear, 
minimize fatigue. 


These proven, precision inserts offer you a world of possibilities 
for product improvement at low cost. 


SALVAGE AND REPAIR 


Threads improperly tapped on production lines can be repaired 
quickly and inexpensively simply by re-drilling, tapping and 
winding in Heli-Coil Inserts providing a better-than-original 
thread of original thread size. Thus, for a few cents, costly 
material is salvaged without interruption to production; no 
need for over-size studs or cap screws. Threads stripped or worr 
in the field can be repaired quickly and easily the same way. 


EXAMPLES OF SUCCESSFUL PRODUCT 
IMPROVEMENT WITH HELI-COIL INSERTS 


INGERSOLL-RAND: 

Improved its Impactool with Heli-Coil In- 
serts in the aluminum housing which is 
subject to severe vibration. In addition, 
the housing was lightened, seizing and 
galling were eliminated. 


AIR REDUCTION CO.: 

Improved an arc welder design with 
Heli-Coil Inserts, using them to protect 
tapped threads in plastic and also 

to lock a bushing in place. 


AJAX ENGINEERING CO.: 


Overcame thread corrosion due to heat 
and magnetic influences in induction 
furnaces by using Heli-Coil Inserts. 


U.S. PLYWOOD: 


Increased wear resistance and 
obtained higher loading strengths 
by using Heli-Coil Inserts 

in arctic huts. 


3 Ways to get started with... 
HELI-COIL INSERTS 


] Ask your Heli-Coil Engineering Representative to discuss the 


use of Heli-Coil Inserts to improve product design. There's no 
obligation. 


2 Send for your free copy of Heli-Coil Catalog 


* No. 652. Contains design data, specifications, 
facts on Heli-Coil Inserts, Taps, Inserting Tools 
and gages, sizes and classes of fit. 


3 Get on the list for "Heli-Call"— à bimonthly re- 


view of case histories—shows and tells you 
who uses Heli-Coil Inserts — and why. 


HELI-COIL € CORPORATION 


Reg. U.S. Pat. Off. 


G42 


996 SHELTER ROCK LANE, DANBURY, CONN. 
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B. F. Goodrich RIVNUTS fasten plastic to 
tubular post, make weather-tight seal! 
© 


T PROVIDE a neat, tight seal for airplane windows, 
designers needed a simple, one-piece fastener—a 
blind rivet and nut plate combined. They found the 






ideal answer in a spacer-head B. F. Goodrich Rivnut. 4 


With the easy-to-use heading tool, one man quickly (D PAN 
upset the Rivnut, securely riveted plate “A” to tubular P7777) 
4, 


center post "B". The firm bulge formed in the Rivnut 
shank conformed to the curvature of the tube. The 1 
Rivnut head served as a spacer for transparent plastic 
sheets "E". Screw "D" was then threaded into the 
clean, still-intact Rivnut threads to hold clamp strip 








FIZZ 
S 





D 





C" and plastic sheets in place. 





Besides providing a tight, dependable seal, Rivnuts 





saved many man-hours on this job. If you're looking 





for a fastener which can improve your product and cut 





production time, why not get the facts from a Rivnut 





engineer? Write The B. F. Goodrich Company, 
Department HD-4, Akron, Ohio. 


















Compare these 4 methods of putting 
screw threads in thin sheet metal 


Rivnuts provide at least 6 clean 
threads in one simple operation! 


Tapped—2 threads 










Pierced and tapped— 
3 threads 









1 Rivnut is threaded onto 2 Rivnut is inserted—head 
pull-up stud of a manual firmly against work —tool 
or pneumatic heading tool. at right angles to work. 














ZZ ZZ 
NEN 


Projection welded — 













$ eost tons operates pab 4 After aask nnd 4 threads Rivnut—at least 6 threads 
up stud, forming a bulge are still clean and intact, 
in the Rivnut shank. ready for screw attachment. 










Shows with motion how Riv- 
nuts work. Explains construc- 


B.E Goodrich SEND NOW 
RIVN UTS FOR FREE RIVNUT 

” tion, gives proved applications. 
Write to The B. F. Goodrich 


DEMONSTRATOR 
The only one-piece blind rivet with threads Co.,Dept. HD-4, Akron, Ohio. 
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For the Production Engineers Notebook — 


Product engineers, even the geniuses among them, find that 


the formula, “1% inspiration, 997% perspiration, " pretty 
regularly applies. 


Perspiration in design is brought about by the inevitable 


[deas 
for Welded 
Design 


conflict between operating function—how well the part will 
do its job—and such other important factors as sales appeal, 
serviceability, and manufacturing methods. 

What we are all striving for is to apply welding most eco- 
nomically. We in LinpE stand ready to help the product 
engineer in the applications of welding methods wherever we 
can. Sometimes economies in production come from a sub- 
stitution of welding for more expensive methods, but often 
just a small change in design or practice reduces the cost of 


present welding operations. 


Pointers on welded design leading to 
production economies. 


Use the process that gives the greatest total 
economy. 

Design for down-hand welding where pos- 
sible. But locate welds so as to minimize 
handling. 

Mechanize welding. Weld as many joints 
simultaneously as possible. 

Make minimum dimension changes when 
making different sized models. 

Reduce the number of parts. But sometimes 
it is better to increase the number of parts 
and cut rejects in intricate castings or form- 
ings bv welding together simple forms. 

Use standard shapes and easily formed 


sections. 


Pointers on welding processes leading 
to production economies. 


Heuiarc welding: used for most metals- 
argon protects weld puddle. Minimizes clean- 
ing and finishing costs. Manual, mechanized, 
and semiautomatic welding. Latter ideal for 


work on sheet materials with irregular contour. 


Sigma welding: consumable electrode sup- 
plied as continuous coil of wire. Makes clean, 
smooth welds in practically all commercial 
metals at high rates of deposition, low costs, 


and high weld zone cooling rates. 


UNIONMELT welding: high speed process for 
making deep-penetrated welds—butt, tee, lap 
fillets. plug—in most ferrous and non-ferrous 
metals. Usually mechanized, but also applic- 
able by hand with flexible welder. 


Take advantage of other economies that are inherent in such oxy-acetylene processes as flame- 


cutting, welding, surfacing, hardening. For more information on any of these processes call or 


write the nearest LINDE office today. 


* "Genius is 1% inspiration and 99% perspiration,” credited in GOLDEN BOOK, April, 1931, 


to a newspaper interview with Thomas A. Edison. 


LINDE AIR PRODUCTS COMPANY 


A Division of Union Carbide and Carbon C 
30 E. 42nd St., New York 17, N.Y. Mag 


orporation 
Offices in Other Principal Cities 


In Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 
The terms “Heliarc” and “Unionmelt” 


are registered trade-marks. 
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How Admiral freezes rising costs = 


saves $15,630 with Townsend Fasteners 


Efficient planning all along Admiral 
production lines right down to the 
shipping platform brings you excel- 
lent values in home appliances and 
other Admiral products at the lowest 
possible costs. No detail is too small 
—no part too insignificant to come 
under the scrutiny of their engineers 
who constantly seek ways to improve 
their products. 

Take the big Admiral two-door 
Dual-Temp home freezer-refrigera- 
tor, for example. The six bolts that 
hold it to the shipping crate could 
seem to be unimportant. Yet, a 
Townsend engineer found that by the 
Townsend method of producing these 
fasteners, Admiral could save $13.37 


per thousand on one and $6.34 per 
thousand on the other bolt. The total 
annual cost reduction of about 
$15,630 presents a definite oppor- 
tunity to put greater value in the 
refrigerator without increasing the 
price to the consumer. Such savings 
are not unusual with Townsend’s 
fasteners and parts. 

In today’s competitive markets, 
many industries rely upon Townsend 
as “The Fastening Authority” to help 
improve products, reduce unit and 
assembly costs. Every day Townsend 
engineers work with manufacturers 
of appliances, radio and television 
receivers, automobiles, aircraft, elec- 
trical equipment, farm implements, 


Sales Offices in Principal Cities 


Cherry Rivet Division * Santa Ana, California 


railroad rolling stock—even toys. In 
fact, Townsend serves every industry 
that needs to fasten materials to- 
gether quickly — economically — 
permanently. 

With a background of 137 years 
of cold-forming experience—with 
the capacity to produce sixty-million 
parts every day—with more than ten 
thousand standard and special items 
to choose from—Townsend engi- 
neers give you the most unbiased 
recommendations. Ask to have one 
call and discuss your fastening prob- 
lems—or, send us samples and 
sketches of parts you want improved 
at substantial savings. We will give 
you estimates without obligation 


ownsend 


COMPANY - ESTABLISHED 1816 


NEW BRIGHTON, PENNSYLVANIA 


THE FASTENING AUTHORITY—Experience: over 137 years—Capacity: sixty-million parts daily— Products: over fen thousand types of solid 


rivets— cold-headed parts— Cherry Blind Rivets—Twinfast Screws—self-tapping screws—tubular rivets—locknuts 


special nails— formed wire parts 


Plants: New Brighton, Pennsylvania — Chicago, lllinois— Plymouth, Michigan— Santa Ana, Colifornia. 


In Canada: Parmenter & Bulloch Manufacturing Company, Ltd., Gananoque, Ontario 


Product Engineering — 1954 Annual Handbook 


Gas 





You'll save time and 
money by using 


UNBRAKO 


SOCKET HEAD 
CAP SCREWS 


SELF-LOCKING 
SOCKET SET 
SCREWS 


FLAT HEAD 
SOCKET CAP 
SCREWS 


Time—because your local 


UNBRAKO distributor 


carries a complete stock of these close tolerance 


fasteners, and 


deliveries are prompt. 


Money— 


because it is possible in many cases to drill and tap 
fewer holes, use fewer screws, when you fasten 
assemblies with UNBRAKOs. Ask your local UNBRAKO 
distributor for your copy of UNBRAKO Standards. 
STANDARD Pressep Sree Co., Box 954, Jenkintown, Pa. 


UNBRAKO SOCKET SCREW DIVISION 
JENKINTOWN, PENNSYLVANIA 


Knurled head for sure finger 
grip and fast assembly 


e Accurate hex socket for posi- 


tive nonslip internal wrenching 


e Heat treated alloy steel, con- 


Knurled cup point, for posi- 
tive self-locking, won't work 


loose 


Accurate hex socket for non- 
slip internal wrenching 


head 
section 


flush 
thin 


Designed for 
assembly of 
materials 

Heat treated alloy 
strength 


steel for 


Uniform 82° angle under head 
for maximum contact 





0 


NN 


DRYSEAL- THREAD 
PRESSURE PLUGS 


BUTTON HEAD 
SOCKET SCREWS 


SHOULDER SCREWS 
OR STRIPPER BOLTS 


PRECISION GROUND 
DOWEL PINS 


Fully formed threads for posi- 
tive sealing without compound 
Heat treated alloy 


strength 


steel for 


Continuous grain structure for 
stronger threads 


Designed for applications 
where countersinking is not 
practicable 

Heat treated alloy steel for 
strength 


Low head height for stream- 
lining designs 


Heat treated alloy steel for 


Strengt! 

Knurled head for sure finger 
grip and fast assembly 
Accurate hex socket for posi- 
tive internal wrenching 
Shoulders held to unusually 
fine tolerances for close fit 


Formed ends, with continuous 
grain flow, won't chip 


Surface hardness, Rockwell 


"C" Scale: 60-62 
Surface finish: 6 
maximum 


Core hardness, Rockwell “C” 
Scale: 50-54 


microinch 


trolled fillet and continuous 
grain flow for strength 
e Fully formed threads 
3 fit 
e Standard sizes 


Class 


#4 to 1" 


e Fully formed threads— Class 
3 fit 

e Heat treated 
for strength 


alloy steel 


e Standard sizes—#4 to 1” 


e Accurate hex socket for posi- 


tive, nonslipinternal wrenching 
threads— Class 


e Fully formed 


3 fit 


e Standard sizes—#4 to 3⁄4” 


e Controlled chamfer for faster 
Starting of threads 

e Accurate hex socket for non- 
slip internal wrenching 

is’ to 114” 

Thread Fuel 


e Standard sizes 
National Pipe 


e Accurate hex socket for non- 
slip drive and freedom from 
marred or mutilated 


formed 


heads 


e Fully threads—Class 


3 fit 
e Standard sizes—#8 
56", inclusive 


through 


e Threads and head concentric 
with the body for uniformly 
accurate assembly 

e Finished threads close to the 
shoulder for holding power 


e Fully formed threads— Class 


3 fit 
e Standard sizes—!4’’ to 34" 


e Average single shear strength: 
150,000 psi 


e Diameter tolerance : 4-0.0001 " 


e 2 standards—blue label pins 
.0002’ oversize tomeetnominal 
press fit requirements; red 
label pins .001’’ oversize for 
use as repair pins 
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A rotor with three precious metal caps to act as contacts was 
needed by a leading automotive manufacturer for use in a 


special switch. Soldered-on caps were soft and expensive. 
Rivets might work loose. 


As an ideal solution, Makepeace created and patented this 
new insert material, “SPOT-LAY.” It consists of precious metal 
slugs brazed into strip stock and positioned to form the desired 
part. The precious contact material is only where it is wanted, 
firm and secure for blanking and forming. And... of great 


importance... it is hard and wear-resistant due to cold 
working. 


This new material is particularly adapted to rotors in switches 


and small bridge contacts . . . any formed part embodying two 
or more contact points. 


For better performance and lower unit cost, design your next 


switch to make use of this new material. Our own staff of 
Your inquiries are cordially in- 
vited and will receive our prompt 
and interested attention. 


thoroughly experienced engineers and metallurgists are at your 


service to assist in working out your particular problem. 


*Patented 


D. E. MAKEPEACE COMPANY 


DIVISION OF 
UNION PLATE AND WIRE COMPANY 
Laminated and Solid Precious Metals * Base Metal Tubing drawn 
to Special Toleronces * Precision Sendzimir Sheet Metal Rolling * 
Contact Parts and Materials — Electronic Assemblies * Silver Solders 


MAIN OFFICE AND PLANT, ATTLEBORO, MASSACHUSETTS 
SALES OFFICES: NEW YORK, CHICAGO, LOS ANGELES, COLUMBUS, O. 
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Tailor-Made Fasteners 


H MINIATURE BATTERY 
CONNECTORS 


ord 

raph 

s threaded 
and nut 


thereby speeding assembly 


time and reducing costs. 


INDICATOR-LIGHT a 
PLUG BUTTONS 
n type for electricoa 


Rer 


signed in a 


olors, shapes and siz 


E PLUG BUTTONS 


Made to snap into hole sizes 

to 3 Con be embossed 
with ornamental or functiona 
Removable 


designs Supp 


with various finishes, in o 


variety of shapes aħd sizes 


TRIMOUNT STUDS H 


jned to hold two or more 
knesses: of material to- 
Easily installed by 
ibration proof 

Permanent or re- 

vable ottachment Wide 


«ariety of shapes and sizes 


UNITED -CARR 


FASTENER CORP. 
CAMBRIDGE 42, MASSACHUSETTS 


am 


in Volume Quantities 


FEMALE ANODE 
CONNECTORS 


FASTENERS 


p 


SHELF SUPPORTS + 


VIBRATOR GROUNDING t 


$ NYLON SNAP-IN NUT 


a TUBING AND WIRING 
CLIPS 
For TS 


hydrau 
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GC 11-26 HYDRAULIC 


PROGRESSIVE'S EXCLUSIVE 
NYLON GUIDE 


@ Constant guide and support M es ar LY: 


throughout stroke 
@ Self-insulating E i.c 
Q Resists weld spatter . * 
° f 


No lubrication required 


Both Progressive guns in the above illustration have the same ` 
chassis—the difference is in the interchangeable cylinders, 
jaw extensions, electrode adapters, and tips. 


Using Progressive’s original Standardized Chassis and inter- 
changeable parts, job-specialized portable welding guns can 
be made for a fraction of the cost of specially-designed guns. 


Progressive has more portable guns in use than all other manu- 

facturers combined. For information on any type of Special or 
UE Standard Portable Gun- write to Progressive 
$ % in care of Department G. 


The PROGRESSIVE Jf 


AS QU E 


Group of special jaw 
designs demonstrot- 
ing wide versatility of 
Progressive Welding 
Guns. 
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National Machine Products Company 


Hexagon Nuts of AUl Kinds 


The ‘Mardden’’ Nut is a one-piece, free-spinning reusable nut which locks 
itself when tightened. The upper portion of the nut is slotted forming six 
threaded segments, and the bottom face is recessed, so that a continuous 

seating surface is provided outside the thread pitch line. 


When the ‘Marsden’ Nut is tightened against an unyield- 
ing seat, the threaded upper segments move radially 
inward causing the nut threads to align themselves 
securely with their complementary bolt 
threads and produce a friction lock. 


\\ Standard” : | “Special” 


“Standard” nuts — Our batteries 
of outstanding Ga» of precision 
quality in a machines make 
stock to meet your ait possible fast and 
schedules. accurate production 
of nuts of special 

shapes to your 

specifications. 


“Huglach” 


The “Huglock"’ Nut is a one-piece prevailing torque 
type, reusable, self-locking nut. The tapered top portion of 
the nut is slotted to form six threaded segments which are curved 
radially inward to press against the bolt, creating a heavy inward and 
downward pressure producing a friction lock between the load-carrying flanks 
of the nut and bolt threads. This combined metal to metal hugging and locking 
friction is distributed over all the threads enabling the “Huglock"’ to grip the bolt 
firmly until removed with a wrench. 


White for Literature and Samples 


NATIONAL MACHINE PRODUCTS COMPANY 


44225 UTICA ROAD UTICA 2311 UTICA, MICH. 
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Send for these FREE TEMPLATE CATALOGS 


WESPO TOGGLE CLAMPS in 
sizes and types to suit all needs 


STANDARD x light, — = heavy ES d 
FIXTURE clamping are avaiiabie. LONG LIFE 


Bearing surfaces composed of 


CLAMPS & HARDENED STEEL BUSHINGS TOGGLE 
and SPIROL PINS eliminate the 
COMPONENTS wear at these vital points, CLAMPS 
CLAMPS — 15 Styles — 119 Sizes giving longer life as well as OVER 35 SIZES 
Over 600 parts easier action. AVAILABLE 


New WESPO LEAF JIG 


SAVES OVER 50% IN DESIGNING TIME AND 
TOOL MAKER’S COSTS FOR CUSTOM BUILT JIGS 


Ready for immediate use for drilling Goor 
tapping and reaming—by merely nesting " 
part and inserting bushings. 


Precision made steel lid and cam— semi- 

steel body — .002 parallelism held be- 

tween lid and machined base. Used in 

any position — top — bottom — 2 sides. 

Install new lid for a different operation. 

11 base sizes — 1%” x 2” to 6” x 6” in FI! 

2 to 3 heights each. Template sheets I 

available. Available from factory stock Sead Coupon for Quick Reply 
or stocking representatives. Write for 
bulletin. 


I WEST POINT MFG. CO. 
I 26935 W. 7 Mile Rd., Detroit 19, Mich. 
I Please send: [C] TOGGLE CLAMP CATALOG [] FIXTURE CLAMP CATALOG 


WEST POINT MFG. CO. tenn 


| NAME 
FIRM NAME 


26935 W. 7 Mile Rd., Detroit 19, Michigan | Avoress 
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This is the process that 
liability and economy j 






joint strength plus the ductilit 
strains the joined metals will 





* $. brings metal joining costs down to surprisingly loq 


It's the process that deserves first consideration in t 





production are determined. 


LET OUR FIELD ENGINEER HELF 


He will place at your service the maximum technica 
edge about silver alloy brazing and practical experierg 









tion. Just write and say when. 
FOR THE FACTS IN PRINT 


Bulletin 20 gives the complete EASY-FLO and 
SIL-FOS story plus a lot of valuable information 
about joint design and fast production brazing 
methods. Write for a copy. 









1 


TYPIFYING the fast, low-cost EASY-FLO and 
SIL-FOS production formula is this brass sleeve and 
stamped steel lock case assembly. Ports are posi- 
fioned in jigs with the alloy preplaced — then in- 





NOT LIMITED TO NEW DESIGNS 


Numerous parts joined by other methods have been 
redesigned for EASY-FLO and SIL-FOS brazing’s 
faster production and lower costs. Likewise, many 
«ost and forged parts have been changed to 
EASY-FLO and SIL-FOS brazed assemblies of stamp- 
ings and simple screw machine pieces. 










HANDY & HARMAN / 


NW ^ HANDY & HARMAN 





T ey 
ZORTE] 
LE] 








General Offices: 82 Fulton St., New York 38, N. Y. 
DISTRIBUTORS IN PRINCIPAL CITIES MOARES. CAMADI 
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Insuring Your 


PROGRESS 
THROUGH 
RESEARCH 


With industry finding it wise 


and profitable to invest much 


more every year in new product 
development and research, this 


recent Product Engineering report, 


“Insuring Your Progress Through 


Research," 


takes on particular 


timeliness and value. 


Eight sections make up the re- 


pert, with each section prepared 


by men who are experts in their 
fields. The important aspects of 
establishing and conducting an 


effective research program are 


covered 


in considerable detail. 


Subjects discussed: 


Organizing for Industrial Re- 
search 


Obtaining and Keeping Re- 
search Personnel 


Policy Matters in Laboratory 
Design 

Choosing and Evaluating Re- 
search Budgets 


Patent Licensing Policy and 
Procedures 


Independent Research Facili- 
ties 


e Government Research Data 


Thirty pages 


50 cents a copy 


Write: 


Product Engineering 


Reader Service Dept. 


Product 
Engineering 


McGraw-Hill Building 
New York 36, N. Y. 
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3M ADHESIVES, COATINGS AND SEALERS 
CLASSIFIED BY OFFICIAL U. S. GOVERN 
MENT SPECIFICATIONS A handy jexed 


3M ADHESIVES, COATINGS AND SEALERS 
DATA BOOK A book t f 


3| data Or 


3M AIRCRAFT PRODUCTS BOOK New a 


n T " 
ATL: d: :] E 
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ew literature 


now avarlable 


We have prepared new technical information for the many designers and 
engineers who are using 3M adhesive products for the first time. 

The expanded use of our products on defense work coupled with 

the introduction of new items for general industry . . . makes this a good 
time to check your files. Make sure your adhesive products 

information is both current and adequate. 


When you specify a 3M adhesive, coating or sealer you know you're 
getting material that has been thoroughly checked in our quality 
control labs. 3M products meet the rigid requirements that will deliver 


top-notch, trouble-free results on your production line. 


x Send for one or more of these FREE booklets today! 


ADHESIVES 
i COATINGS 


M 
"A COMPANY 


Y SEALERS 


MINNESOTA MINING AND MANUFACTURING COMPANY 


ADHESIVES AND COATINGS DIVISION . 417 PIQUETTE AVE., DETROIT 2, MICH. 
GENERAL SALES OFFICES: ST. PAUL 6, MINN, e EXPORT: 122 E. 42 ST., N. Y. 17, N. Y. s CANADA: LONDON, ONT 


CIE 







































WHAT IS A 


BLIND RIVET? 




















It is a type of fastener used to rivet together two or 


i ; 1 r 
more pieces of material when access to the work is possible 


from only one side. 


But SOUTHCO “Blind” Drive Rivets do much more 
than that. They provide maximum strength and reduce pro- 
duction costs. For installation you just hit the pin . . . and the 
rivet is in. At the ume time, a powerful pull-up force is 
exerted to | e the k a tight joint you get when a 
rivet 1s Ducked from Dotn sides, 

There is no finishing operation required with SOUTHCO 
Rivets, no wasted material, no noise, no special tools to buy 


Or maintain. Fastening metal parts is as simple as driving a nail 


FOR EITHER BLIND OR ACCESS APPLICATIONS 


THCO 


are specified because they make a one-man job 


Even when there is access to both sides, SOT 
Drive Rivets 
They are so 


! 
Ol à two-man operation simple that costs are 


reduced through faster riveting 
story on SOUTHCO Drive Rivets, write 


Division, South 


For the full 


to Southco Chester Corporation, 1406 


Finance Building, Philadelphia 2, Penna 


©1953 

Pat. No. 2640618 
Other Pats. Pend 
Rivet and Mfg 









SOUTHCO 


£ TENERS 


BP 5 di les 


PAWL, SCREW AND SPRING - DRIVE RIVETS 
ANCHOR NUTS - ENGINEERED SPECIALTIES 


OFFICES 


Gs4 
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/ wherever two or 
F more parts are 


! 
I 
I 
I 
\ 
\ 
\ 
\ 
\ ` 
\ » 
x 
b ] 
improve 
performance 
lower 


production costs 


Na can lower manufactur- 
ing costs expedite DO 
contracts simplify and 
speed assembly operations with 
Southco Fasteners. 


There are many types to choose 
from—each highly developed 
to lower production costs and 
improve fastener performance. 
If a special fastener is required, 
Southco engineers can assist 
you with the design. 


) For Blind Riveting. Tight, 
strong, with unbelievable 
pull-up—as fast as nailing. 


b Fastenings for Occasional 
Removal. One size fits 
many thicknesses. Never too 
tight or too loose. 


D Fasteners for Frequent 
Opening. One size meets 
most requirements, Auto- 
matically adjusting to as- 
sure a tight fit. 


5 Light Door Latches. 'i'op 
quality for low budget ap- 
plications. Only two parts. 


5 Spring Retainers for 
Doors. Hold hinged access 
covers firmly open, tightly 
closed. Simple. Rugged. 
Smooth action. 


D Fasteners for Secure An- 
chorage. For attaching 
parts to wood, plywood, or 
metal-faced plywood with- 
out disfiguring the surface. 
One piece. Easily installed. 


Inquiries invited. Write South- 
co Div., South Chester Corp., 
1406 Finance Bldg., Philadel- 
phia 2, Pa. 
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IN PRINCIPAL 


WHEREVER TWO OR MORE PARTS ARE FASTENED TOGETHER; STANDARD AND SPECIAL DESIGNS FOR IMPROVED PERFORMANCE AND LOWER PRODUCTION COSTS 


eh. ek a8 


2. SCREW FASTENERS 


3. ADJUSTABLE PAWL FASTENERS 


4. DOOR LATCHES 
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5. RETAINING SPRINGS 


6. ANCHOR NUTS 
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yet easy Off. 









Republic Upson "Nylok" Nuts 


It's easy to start a Republic Upson "Nylok*" nylon plug in the side makes the nut hold tight. 
Nut... either end is “up”... no special tools 
... no special techniques. 





And when it’s time to remove a Republic 
Upson “Nylok*” Nut, just back it off. The 
Wherever you stop wrenching, that’s where the — nylon plug can't gall, can't rust. Best of all, the 
nut stays... even under severe vibration. The nut is ready to re-use... 











12 WAYS BETTER 










SIZES Assemble from either end No special tools 
3 e | "ac Can be re-used One piece 
Light series tapped i" thru 56 € Non-galling Ideal for mechanical feeding 
Light thick series tapped 14” thru 12" Best wrenching characteristics No lubricant needed 
Regular sizes tapped 14” thru 4” Won't damage threads Cold-forged 


Heavy series tapped !4" thru 12" No special know-how Lock in any position 





Write for samples . . . tell us sizes you use. 





REPUBLIC STEEL CORPORATION 
Bolt and Nut Division * CLEVELAND 13, OHIO 
Export Department: Chrysler Building, New York 17, N.Y. 





c 
^ 
» 

wt 










Here's how the"Nylok" principle works 


A nylon plug inserted in one of the sides of 
the cold-forged nut forces the nut tight against 
the opposite threads as the nut is turned on. 


*U. S. Pat. Nos. 2,462,603 and 2,450,694 
and pending applications. 
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In this application, our customer had been using 
three separate parts, moking installation costly 
and difficult; removal was impossible. We designed 
an inseparable, floating nut assembly. It can be 
installed easily, or removed quickly. Result: 
sharply reduced costs. 


SHARE YOUR FASTENING PROBLEMS 
WITH OUR ENGINEERING STAFF 


Our 10 years experience, devoted exclu- 
sively to the design and development of 
specialized fasteners, enables us to help 
you. Consultation, especially in the design 
stage, will result in a cheaper, more effi- 
cient fastener for your product. Write today 


Glendale 1, California. 


Nutt-Shel 


Monutoct 


SELF-LOCKING ANCHOR NUTS 
BOLT AND NUT RETAINERS 


REYNOLDS ALUMINUM HANDBOOKS 
on 


DESIGN and FABRICATION 


ANNOUNCING 


that we now manufacture and sell 


SET SCREWS 


—formerly marketed by 
Shakeproof Division of 
Illinois Tool Works 


Now, more than ever, you can 
make Set Screw & Mfg. Co. 
your No. 1 source of supply for 
self-locking set screws. The re- 
cent addition of Offset Type Self- 
Locking Set Screws to our own 


z) (OLOTE TTET OIT 
RÉYNOLDS NETALS CONPAN -1 





widely successful ZIP-GRIP* 
and NU-CUP Self-Locking 
designs gives you a complete 


FASTENING METHODS FOR 
ALUMINUM —O^*fers informo- 
fion on mechanical joining and 


WELDING ALUMINUM—Gives 
complete information on oll 
types of welding as applied 


Self-Locking Set Screw range 
for solving vibration problems. 


Setko Offset Self-Locking Set 
Screws are particularly suited 
for applications in which slotted screws are required. 
Their locking action results from springing or offset- 
ting the sections on both sides, parallel with slot. 


Write for new catalog sheet on Setko Offset Self- 
Locking Set Screws. 


fastening methods, and the to aluminum. 


advantages of eoch 


* 
F RE E: Single copies of these and other valuable 


handbooks are free when requested on business letter- 
head. Otherwise the price of each book is one dollar. 
For a complete listing of handbooks in the Reynolds Library 
on Aluminum Design and Fabrication, see Reynolds green 
insert Section B. 


REYNOLDS METALS COMPANY 
2598 South Third Street, Louisville 1, Kentucky 


REYNOLDS QR ALUMINUM 


MODERN DESIGN HAS ALUMINUM IN MIND 


*Pat. Pending 


@F ror FREE CATALOG 


£ Mfg. Co. ^" 
153 Main St., Bartlett, Ill. (Chicago suburb 
We Specialize in Solving Puzzling Set Screw Problems 
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FASTENER COMPARISON 


Product 
Engineering 


Readers 


Asked to Compare 
Difference Between 
Punched and Turned Nuts 








Comparison of 
Unretouched Photos 


Note the visual differences be- 
tween Photo A, an ordinary 
punched nut and Photo B, a 
turned nut made by the Fischer 
Special Mfg. Co. Which one 
would you prefer to use on your 
products? Now, consider this 
ae 


The Difference is 
PRECISION . . . NOT PRICE! 


By specifying and ordering 
Fischer Turned Brass Nuts you 
make a definite product improve- 
ment plus a double-barreled cost 
reduction. Check the features 
listed on the right . . . see if you 
don’t agree that these Fischer 
Features mean a better built 
product with lower assembly 
costs, lower rejection costs. For 
proof of Fischer lower price 
promise contact the Cincinnati 
plant or your nearby Fischer rep- 
resentative. Listings are located 
in Sweets Product Design File 
and in the Free Fischer Catalog. 


KNURLED BRASS 
THUMB NUTS 


" Pea 


HEXAGON BRASS 
CAP & OPEN-END 
CAP NUTS 


HEXAGON BRA$$ 
MACHINE SCREW NUTS 
Single and Double 
Chamfered 


Tane” 


BRASS NUTS 


cost the same or less than 
ordinary punched nuts 


Good news for cost-conscious design, engineering and 
purchasing executives. Now! You can get all the 
product-improving, cost reducing features of precision 
made “Fischer Turned” Brass Nuts for the same price 
or less than common punched nuts. Here is your 
opportunity to build a better product at lower cost. 
We'll be glad to prove our precision with samples, and 
our prices with quotations. Send the Coupon or request 
on your letterhead. 


AMERICAN STANDARD 
HEXAGON BRASS NUTS 
Ful! ond Jom 





Class 2 
Threads 


75*/, full 
threads 
tapped 
through at 
90? to face 


i Galling and seizing in high-cycle wrenching eliminated. 










6 For extra strength and full purchase of nut seat. 


Counter-sunk 


both sides. For quicker assembly and protection of threads on both sides. 
No Burrs 
Degreased Clean, ready for use! 


Meets or exceeds AN 340, 341, 345 specifications. 





FISCHER SPECIAL MFG. CO. 
446 Morgan St., Cincinnati 6, Ohio 
Tel. WOodburn 1280 

Please send samples of nuts in these sizes 
and prices based on 

? quantity of 
NAME 


ADDRESS 





CITY s .. ZONE — STATE 
TITLE 
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inking Of Thi 
(hi. less? S 
stal" HANDBOOK 


Supplements 


4 DT: mat Last Year’s 


Vy 


for the finest in 


STAINLESS 


| x This edition of the HAND- 
STEEL S BOOK of Product Design 
FASTENERS 


adds to the constantly useful 
MADE RIGHT — E library of design engineering 


By specialists in stainless steel 
since 1929 


















, 






au 


A 





aj 
K 





2 data begun with the publica- 
PRICED RIGHT — i ~~ S7 tion of the HANDBOOK last 


Because ALLMETAL uses mod- ^ : year. 
ern equipment—including cold- , 

heading machines—devoted 

solely to stainless 


uec eats il New editions will not re- 
— COMBINATION place previous ones, but will 


For solving fastening problems s supplement them by bringing 
quickly, economically. 
















your fund of design engineer- 
Allmetal has the fasteners you 


want. Stock items, including = r ing data right up to date. 
Government and "AN" specs, 

shipped immediately. Prompt 

delivery on various types of * 

Phillips Recessed Head screws : s So keep your last year’s 
and specials. Switch to All- 

metal Stainless Fasteners when , HANDBOOK along with this 


you switch to Stainless! . / . 
new issue. You'll continue to 







find it regularly helpful in 








Use our "Rush Order" 
direct wire service — Send 
telegrams to “Allmetal 
Screw Products — WUX — 
Garden City, New York.” 
—that’s all 


your work. And next Novem- 









ber, you will receive the third 


annual HANDBOOK of Prod- 








uct Design. 









MANUFACTURERS SINCE 1929 


e D 
Kk 4234 1 M 7C. 
Pd Pr. ect eee e 


821 STEWART AVE., GARDEN CITY, L.I., N.Y. 
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The Speen Nut Principle 
of Spring Tension Fastening 


PRE-LOCKED POSITION 
Arched Prongs 


cci Ee 









Sure way fo find ‘Lost’ Profit Dollars ——— 
f arched boxe \ 


- = 
£ 2 
3 2 





N> 


... examine your product 
through a Tinnerman Fastening Analysis 


@ Protect profit dollars by cutting high 
assembly costs! You can discover the direct 





route to these savings with a comprehen- ANDRES 
JL^ v 


Í Arched \ 
Spring Lock 





sive Tinnerman Fastening Analysis. 





To prepare this survey report, Tinnerman engineers 
check every fastening function on your product. Wherever 
your assembly methods can be improved by applying 
the Speep Nut Principle of Spring Tension Fastening, 
detailed data, specifications and application drawings 
are prepared. With more than 8,000 Speep Nut brand 








fasteners to choose from . . . and over 30 years engineered Write today for your copy of “SPEED NUT 
à a n a á ‘ n " Savings Stories”, a revelation of astonish 
fastening experience, it is possible for Tinnerman to make ing Savings to industry: TINNERMAN 
$ I x . 'RODUCTS, INC., Cleveland 1, Ohio. /n 

many product-improving, profit-saving recommendations. Canada: Dominion Fasteners Ltd., Hamil 
E , : i 3 L e ton, Ontario. In Great Britain Simmonds 
Avail yourself of this no-cost, no-obligation service soon. M A am. m 
Ask your Tinnerman representative for details. 1 rue Henri Barbusse, Levallois (Seine). 


MÀ rinnermaN 









THAN 8000 SHAPES 





AND SIZES 
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“Speeds up and simplifies oui 
product design job... helps u 
make sure our planned 


assembly savings pay off.” 





























P-K CATALOG AND ENGINEERING DATA P-K SELF-TAPPING SCREW BULLETIN P-K ENGINEERING STANDARDS BOOK 


Illustrates and de- 








scribes all P-K prod- - f» 
ucts. Tells “where, DA "yl i 
when, how, and aS b | A 48-page separate a eee 
why” P-K Fasteners 7-6 | edition of the Self- bead aud 
ore used. Shows - 0» | tapping Screw sec- dvend diu 
many typical appli- M SL O m tematy Seas. i gge” tion of the General sion drawings IB 
cations. Glves all | Catalog. of P-K fos n 
needed information PARKER-KALON b , 
for selection and o Mo Orjia | LI — 
application . . . 88 Selt-tapping Screws | 
pages. | 

| 

P-K SCREW SIZE WALL CHART 
P-K SOCKET SCREW BULLETIN POWER DRIVING BULLETIN à 





om 


Describes and illus- eT Tn sors E 


trates the various 
basic types of elec- 








A 16-page separate tric, air-operated, = SSS me Wall hanger, 
edition of the and impact tools "Tr nn mpm 18" x 24", il- 
Socket Screw sec- for driving oo ; lustrates in ac- 
tion of the Gen- Screws, as well as T TT vey "n "i tual sizes all 
eral Catalog. hopper-fed auto- i| Tig " standard P-K 
matic driving ma- eid bdl Self-tapping 
chines in common Ss Se m Screws and 
use. Includes use- "y Tiy other Fasteners. 
ful information on Sl Oaah a 
bit and socket mpm PTET 
selection. T REEM ema, 
i 
SOCKET SCREW DIMENSION FINDER STAPS FOLDER "HOW TO MAKE PLANNED SAVINGS Taosns 


PAY OFF" BOOKLET 


Pocket-size plastic slide 
: PARMIAS-RALOM 
chart gives essential 


dimensions of all types STAPS 
"- e 


of P-K Socket Screws Deseibes de dur à 2-neno ene 
ensed catalog 


at a glance, including 





w thread length formula. qeseriot ies dé of P-K Self-tap 

inm ond their primary ping Screws ex 

—— applications. Shows plains P-K qual 

— 2 I various forms of Pek control 
22 pre-assembled ne- ocket-size, and 


cked with in 


oprene washers i 
-— - - : J ormation. 


available. 
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JS BOOK 


-page book $ 
standard 
ad and 
jad dimen- Hi 
drawings 
LK Screws, 
er useful 
l. 


users’ 
quide 





USERS’ GUIDE 


Plastic bound, 
20-page index- 
tabbed 11" x 
9" work-book 
of technical in- 
formation on 
selection and 
application of 
P-K Screws. Has 
“hang-up” tab. 
Popular with 
designers, en- 
gineers, and 
draftsmen for 


yE c ZI) wel. quick reference. 


SHART 
"HOW TO USE" 


Il hanger, 
x 24", il- 
rates in ac- 
i| sizes all 
ndard P-K 
f-tapping 
rews an 

er Fasteners. 








BOOKLET 


Pocket-size booklet 
of hole-size recom- 
mendations and 
other application 
information. Useful 
for quick reference 
by assembly super- 
visors. 


SAVINGS [FOLDERS ON INDIVIDUAL PRODUCTS 


i 






y 


MER ug n l 


24-page con 
nsed cotalog 
P-K Self- ae 
ng Screws ex 
ains P-K T 

control 
chet size, ond 
icked with in n 
rmation. 












T 
RAER-KALO 


} 


T 


Screwnails, Ma- 
sonry Nails, and 
other P-K prod- 
ucts and services 
are described in 
folders which 
point out pri- 
mary vses. 

b 
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ASSEMBLY PLANNING AIDS Originator and largest producer of 
Self-tapping Screws, and pioneer in the development and improvement 
of other P-K fasteners, Parker-Kalon is a leading authority on assembly 
engineering. Through long experience in working closely with designers, 
product engineers, and others responsible for fastener selection, P-K 
has prepared technical literature exactly keyed to your needs. It is 
published in various forms planned to save reference time, yet provide 
all required information. 


ASSEMBLY ENGINEERING SERVICE Parker-Kalon field represent- 
atives are fully-qualified Assembly Engineers. They can advise you 
how to plan assemblies to save fastening time, add product strength, 
and lower costs. When required, the modern facilities of a completely 
equipped laboratory in the P-K plant are available for testing new 
applications, and detailed reports will be furnished for your guidance. 


Since Parker-Kalon offers a complete line, the P-K Assembly Engi- 
neer’s recommendations for Self-tapping Screw selection are unbiased. 
The P-K method fits the right screw to the job. 


Ask your local P-K Distributor for the P-K literature you need. If 
desired, he’ll arrange for a P-K Assembly Engineer to call. Or write: 
Parker-Kalon Corporation, 200 Varick St., New York 14. 


PARKER-KALON 


The Original SELF-TAPPING SCREWS 
PPPOE 

Cold forge? SOCKET SCREWS 
PEES 


AND OTHER FASTENERS 















































SIMPLIFY 
AND ELIMINATE 

WITH KSM 
STUD WELDING 






Time-consuming drilling, 

tapping, grinding and the need for 
elaborate jigs and fixtures can be 
eliminated when stud welding is 
specified for fastening applications. 
Both design and assembly are 
simplified, production is boosted 
while substantial savings in labor 





and material costs are realized. 


Stud welding is the efficient, 
fast application for plain studs, 
male or female threaded studs, 

with or without shoulders, 
eye-bolts, J-bolts, pins and a wide 
variety of square, rectangular, 
straight or bent shapes. Its 
applications are unlimited and have 
been thoroughly proved on 
countless applications. 


Studs can be applied at the rate of 
SIX per minute and located within 
tolerances as close as .005 inches 

True 90 degree positioning is 
assured. Weld strength exceeds that 
of the stud and the parent metal. 


Some typical uses of stud welding 
are suggested and types of 

studs available are shown here 
Whether or not your needs are 
illustrated, think in terms of stud 
welding. Investigate what it can do 
for you. Get the complete story 

of KSM engineered benefits 
Write KSM Products, Inc., 
Merchantville 8, N.J. 





BRACKETS BOILERS 


D 





o z as 


METAL LATHS COVERS 






PIPE BOLTS 


EXTERIOR 
FACINGS 


STEEL 
FRAMING 





AM Li 





Catalogs 
and 
Bulletins 





Request additional information using 
postcards following page 24 


(S-1) CLAMP ASSEMBLIES— West 
Point Manufacturing Co. Catalog, 68 
pp. Titled "Clamp Assemblies and 
Fixture Details" it covers nine types of 
midget clamp assemblies, center nut 
locking assemblies, cam locking assem- 
blies, and acorn nut-center locking 
assemblies. Standard fixture parts in 
clude: washers, castings, locating pins 
nuts, keys clamp stops, and other parts 


(S-2) RIVETING HINTS-— The Hi 
Shear Rivet Tool Co., 3rd Edition, 60 
pp. Completely illustrated, explaining 
cach step, it describes the hi-shear rivet, 
materials used, dimensions, hole prep 
aration, riveting gun hints, rivet rc 
noval, and other information 

(S-3) DOT TEENUTS-—United-Cartr 
Fastener Corp., Catalog E, 46 pp. Con 
tains photos, engineering drawings 
ind complete specifications for th 
many types of teenuts produced fo: 
wood and metal. For metal, the types 
made are: round base, for both weld 
g and riveting; the half-round base, 
for projection welding; lug type; 
slabbed base, for welding; rectangular 


base; and teenuts for steel tubing 


n 


(S-4) WASHERS & STAMPINGS 
Wrought Washer Mfg. Co. Catalog 20, 
i6 pp. Illustrations and specifications 
on a line of washers including: stand- 
ird wrought; light steel: SAE; riveting; 
standard carriage; thin steel carrriage; 
machinery bushing; malleable iron 
AN; spring lock; countersunk hollow; 
finishing and flus; square; with charts 
for determining weight of round steel 
washers and blanks, and specifications 
of other metals 


(S-5) ACME SCREW THREADS 

ASME, ASA B1. 5-1952, 41 pp. Also 
Stub Acme Screw Threads, ASA B1 
8-1952, 21 pp Information compiled 
by the Sectional Committee on Stand 
irdization and Unification of Screw 
Threads, B1, and approved by the 
An in Standards. Covers the gen 
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abore SOD A solve all ten 


types of problems 


Here are ten typical fastening problems. One device, the 
ELASTIC STOP nut, solves them all—without additional parts 

or operations. Deliberately undersized in relation to bolt diameter, 
the red elastic collar grips the bolt with a perfect fit, exerting 

a continuing self-locking pressure against the threads, and 

holding the nut securely in place at any point on the bolt. It also 
provides a tight seal against the bolt threads, which prevents CF 
seepage and wear-producing axial play. And because the bolt threads —— Lm. 
are protected against moisture from without, the nuts are os 
not “frozen” to the bolt by corrosion. Ss 
ELASTIC STOP nuts stay tight, right where you put them, in spite of 

vibration and stress reversals. Yet they are not jammed in place, and can be 

removed with a wrench and reused many times. ae 








For further information on ESNA self-locking fasteners, 
mail the coupon below. 












For bolted connections 
BOLT nections or adjustment studs requiring predetermined 
balancing, where nut where accurate con- play. 
must stay put yet be tact gaps are re- 








L-———E— To seal bolt 







To seal bolt 


sae oe =e s= eem wee 
-.-.- elimination o ——— mecousary 
- SE S 
o 17-4728 o; E ES 





eios th 





Dept. N40-112, Elastic Stop Nut Corporation of America 

















l 
" l 2330 Vauxhall Road, Union, New Jersey 
p l Please send the following free fastening information 
x 
al I O Elastic Stop nut bulletin [] Here is a drawing of our product. What self- 
ld | LJ Rollpin bulletin locking fastener would you suggest? 
in 
j Name Title nin 
l Firm 
l 
| -— one 
l 


SS ee 
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HOWTO 


SQUEEZE PENNIES 


OUT OF 


UPSET SPECIALS COSTS 


Specially designed upset products are solv- 
ing thousands of problems. Dozens of design 
pointers on them are yours for the asking. 
Send us your sketches, prints, finished pro- 
ducts for suggestions. 


of this chart are available on 
request for use in drafting and 
purchasing departments. 


MACHINE SCREWS AND SPECIAL FASTENERS ARE OUR BUSINESS 


rae PROGRESSIVE 


MANUFACTURING COMPANY 


WRITE FOR 42 NORWOOD ST., TORRINGTON, CONN. 


OUR CATALOG 


G:« 


Vibration-proof Fastening—with 


PALNUT 
octies 


—tost less than plain nuts 
—eliminate lockwashers 
—speed up assembly 
—save space, weight 
—may be re-used 


heck all your light duty nut-and- 
screw assemblies against the 
speed, savings and security of 
double-locking PALNUT Lock 
Nuts. Especially adapted to easy, 
fast power driver assembly of mass- 
produced items. Lock as they 
tighten, stay tight under severest 
vibration. Millions 
used monthly on 
all types of light 

assemblies. 


* For Free Samples, send details of 
assembly, screw size, etc. Ask for 
latest catalog showing complete line, 
uses, etc. 


THE PALNUT CO. 
65A Cordier St., Irvington 1I, N. J. 
In Canada: P. L. Robertson Mfg. Co., Ltd., Milton, Ont. 


HIGH STRENGTH ADHESIVE 
suited to many hard-to-bond jobs 


Bonding of aluminum to aluminum and joining of 
other hard-to-bord metals is possible with A-6 adhesive 
which requires 
only contact pres- 
sure for joining 
and cures at room 
temperature. Itf 


bond 


such other rigid 


will also 


materials as 
wood, plastic S, 
glass and hard 
rubber to them- 
selves and to each 
other. Curing 

takes from 1 to 

36 hours, depend- 

ing upon temper- 

ature applied. Shear tests often exceed 3000 psi at 
room temperature and 2500 psi at elevated tempera- 
tures. Adhesive does not shrink, swell or creep and is 
available in pints, quarts, gallons and 5-gallon quan- 
tities. Trial test kit, including activators, is $1.00 in 
U.S. or Canada. Made by Armstrong Products Co., 
P.O. Box 1-X, Warsaw, Ind. 
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WELDED STEEL DESIGNS 
INCREASE RIGIDITY 
WITHOUT INCREASING COST 


Steel deflects only half as much as 
iron. This means that under equal 
loading, only 50% of the material 
is needed to duplicate stiffness. 


By converting a design to steel 
construction, the alert product de- 
signer can save considerable money 
on material. Steel costs one third as 
much as other materials, so that 
simply changing material (without 
cutting weight) reduces cost 67%. 
If only half the amount of material 
is used as is possible with steel's 
greater rigidity, the initial material 
saving per pound is doubled. 

THE EXAMPLES BELOW show how 
typical machine components have 
been made more rigid using less 
material and with less manufactur- 
ing cost. Similar results can be dupli- 
cated on your machine designs. A 
Lincoln design specialist will gladly 
show you how. 






Welded Steel Base for honing machine must main- 
tain alignment limits of .0002". Photos courtesy Micro- 
matic Hone Corporation, Detroit, Michigan. 


MAINTAINS PRECISION 
ALIGNMENT WITH WELDED STEEL DESIGN 





Cuts deflection 80% on table for planer. 
Even though weight is reduced from 410 


TURDY, rigid construction needed for precision pounds to 320 pounds, deflection under load 
° " o à Ma å is cut from .070" to .014 
machine tool alignment limits of .0002" is being 
attained with welded steel on the base shown above. 
And that's not all. Costs are reduced and manufacture 
simplified. These savings account for the trend to welded 
steel construction on many other components on this 


company's products. 


Machine Design Sheet available to designers and production engineers 
by writing on your letterhead to Dept. 1306 
Alignment to .005” is maintained on this 


frame member. Squareness in machining is 
TH E LINCOLN ELECTRIC COMPANY beld to .0015" in 120" witb one rougb and 
CLEVELAND 17, OHIO one finished cut. End plate is steel casting 

The World's Largest Manufacturer of Arc Welding Equipment welded to side angle members 
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WHAT'S 
GOING 
TO 


INFLUENCE 


your choice 
of fasteners? 


Speedier assembly 

better appearance fewer 
rejects . . . greater strength 
quantity runs? 

Whatever your choice, you will 
benefit by investigating 
THE MILFORD METHOD, 

an integrated service of 
fastener research, design 
engineering, and production 
collaboration 


Give wings to work use rivets 
and rivet-setters identified by 
the flying “M” trade mark 

a symbol of quality for 

quality products of metal, 
leather, cloth, plastic, wood 

and paper. With an eye to 

the future, inquire about 

THE MILFORD METHOD to-day! 


T 
ILFORD 


the name 
to rivet in your memory 
for fasteners 


l T EST. ere 
the M iirozs RIVET & MACHINE CO. 


A 
eiua 
Np esses ar yz T 
M 


£A, 


823253 
—— — MILFORD, CONN., 877 


EE im 
AURORA, ILL. 


mem 


HATBORO, PA., 


830 


4 


A 


IH. 


Platt 


Bridgeport Avenue 


Avenue 


LYRIA, 0.,1124W. River Street 


Street 


2 
eR 


A 


Ww 


NEW PACIFIC DIVISION PLANT: NORWALK, CALIFORNIA 


Gos 


eral purpose and stub Acme threads: 
centralization acme threads; gages for 
acme and stub acme threads; tolerances 
and other points. Includes many tables 
and drawings. 


(S-6) FASTENERS — Simmons Fas 
tener Corp. Catalog 1252, 36 pp. Larg« 
drawings show construction details of 
the many types of fasteners and re 
ceptacles, along with engineering data 
and installation details. Has dimen 
sional drawings and photos of the fol 
lowing fasteners: Spring-Lock; Roto 
Lock; Link-Lock; Quick-Lock; and the 
Dual-Lock 


(S-7) CABLI COMPRESSION 
JOINTS—Thomas & Betts Co., Bulle- 
tin 67, 34 pp. Shows the new method 
compression joints for copper and 
aluminum cables. Shown are: the water 
seal lugs for small diameter cables; 
terminals for aircraft cables; and oth 
ers. Table shows government stock 
numbers. Hydraulic installing 
also cov ered 


tools 


(S-8) SELF LOCKING NUTS 
Standard Pressed Steel Co. Catalog, 26 
pp. Has complete specifications on a 
wide variety of locknuts. Sizes, fits 
part numbers, dimensions, tensile val 
ues, and materials are listed. May b 
used in temperatures up to 750F. Also 
included are data on external and in 
ternal wrenching nuts and clinch typ 
locknuts. Illustrations of all types 


(S-9) EXPANSION JOINTS—The 
Cook Electric Co. Catalog 51, 26 pp 
Discusses the magnilastic expansion 
joint with engineering drawings and 
complete specifications for various 
capacity expansion joints, made of dit 
ferent type metals. Also discusses an 
hor joints, large diameter low-pres 
sure expansion joints, swing joints 
turbo joints, and tells how to determin 
the amount of expansion in a pipe lin 
Installation chart gives hints for guid 
g and anchoring expansion joints 


S-10) PIPE THREAD MANUAI 

Detroit Cap and Tool Co., Booklet 
C-52, 24 pp. Covers complete design 
nformation, gaging information and 
spec ifications for the three major stand 
ird pipe thread systems, as well as spe- 
cifications for taper and straight pipe 
taps, thread plug and ring gages, and 
plain plug and ring gages. Tables are 
also given for dimensions of American 
straight pipe threads for mechanical 
joints and locknut connections. Toler- 
ance tables for American Standard, dry 
seal taper pipe threads are listed 


(S-11) ELEMENTS OF WELD DE- 
SIGN—The Lincoln Electric Co. Bul- 
letin 843B, 17M, 6 pp. Lists steps for 
the designer to follow in shaping steel 
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for those 
“HARD-TO-REACH” 
Places! 


PLUG NUTS 


The advantages of Plug Nuts are many-fold. 
Both the designer and the production man will 
find they can solve many special fastening prob- 
lems that cannot be solved in any other way. 

For instance, Plug Nuts are the ideal solution 


MMA mmm 
to "one way" fastening where it is difficult or im- ML A 


possible to work from both sides of the assembly. 


Plug Nuts can often eliminate or simplify machin- 

PLUG NUT SEATED AND BOLT TIGHTENED DOWN 
ing operations, improve the product, simplify design 
PLUG NUT SIZES AND TYPES 
Plug Nuts are available in sizes rang- 
If you have an application where you think you ing from-s4 to "4" diameter—fine or 
coarse threads. Plug Nuts work in 
copper, brass, magnesium, aluminum, 
details of the application, and we'll be happy to send steel, alloy steel castings (die and 
sand) and forgings. 


or reduce assembly, and hence, labor costs. 
might use Plug Nuts, send us the size required, or 


sample nuts for trial. 


U. S. PATENT NO. 2490594 
For additional detailed information 


send for tbe Lamson Plug Nut Brochure. HAVE ONE (or more) ON US! 


Send us the details on any application 
where you think you could use Plug 
Nuts and we'll send you sample nuts 
to try out. No obligation, of course. 


The LAMSON & SESSIONS Co. 


1971 West 85th St. * Cleveland 2, Ohio 
Plants at Cleveland and Kent, Ohio + Birmingham * Chicago 


The facilities of our company are at your 
disposal to assist you with any fastener problem. 
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Find out how 
Cleveland 
can help you in 
your special parts 
production. 
Write for bulletin 
"Specials by 


Specialists". 


E: 


CLEVELAND 72:277 FASTENERS 


for low cost. Compares cost of cast 
parts to welded steel parts. Has illus- 
trations of different parts that were 
reshaped with reduction in weight and 
increased strength 


(S-12) FASTENING SPECIALTIES 

South Chester Corp. Catalog B-2, 22 
pp. Has information on industrial fas- 
teners for metal to metal, and metal 
to wood applications. Blind rivets and 
a variety of door latching and fasten- 
ing devices are illustrated. Also has 
engineering installation, dimensional, 
and applicational data. 


(S-13) SET SCREWS—Set Screw & 
Mfg. Co. Catalog 16, 22 pp. Discusses 
a line of set screws, illustrating and 
giving complete specifications for each 
type. Those covered are: standard hex- 
agon socket; Nu-cup set screws; stand 
ard slotted headless; fluted socket 
hexagon keys; pipe plugs; socket head 
cap screws; stainless steel set and cap 
screws; self-locking set screws; slabbed 
head setscrews; and special products 


(S-14) PARTS FASTENING—Pres- 
tole Corp. Bulletin, 8 pp. Describes 
the policy, design, data, proper tool 
selection, punch and die characteristics 
and engineering data on a new method 
of fastening sheet metal parts and 
products 


(S-15) PIPE THREAD SPECIFICA- 
TIONS—tThe Eastern Machine Screw 
Corp. Booklet, 6 pp. Entitled, " Ameri- 
can National Pipe Threads—Designa- 
tions and Differences in Specifications", 
it deals not only with different types 
of taper pipe threads, straight pipe 
threads and their purposes, but also 
gives the proper designation letters by 
which such threads can be specified 
Engineering drawings are included 


(S-16) ALUMINUM & STEEL 
BONDING—Fairchild Engine & Air 
plane Corp. Bulletin 16 pp. Discusses 
the Al-Fin process for the molecular 
bonding of aluminum to iron and steel 
Increases aluminum usefulness. Covers 
heat transfer, bimetallic assemblies, 
bearings and bushings, brakes and 
clutches, and design information 


(S-17) LOCK NUTS The Palnut 
Co. Bulletin 577, 8 pp. Describes lock 
nuts for heavy assemblies and severe 
vibration. Outlines locking principle, 
advantages, applications, assembly 
methods, sizes, materials, finishes and 
other engineering data. 


(S-18) NUTS—Grip Nut Co Book- 
let, 8 pp. Complete specifications on 
the hi-nut; pilot weld nut; clinch nut; 
countersunk weld nut; a semi-finished 
nut, steel or brass; and a lock nut. Has 
illustrations and engineering drawings 
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Acme Steel Wire Stitching 
Aids Product Design 


And helps keep Seymour Seedkasters trouble-free! 


RIGHT FROM THE START. Engineers designing the Seymour Seedkaster considered 
crimping or riveting the canvas seed bag to the machine but found a faster 
method by using Acme Steel Stitching Wire. 


STITCH IT...STRAP IT... SHIP IT... SAFELY! 
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The ideal time to improve the 
quality of a new product is in 
the planning stage, and that’s 
exactly what the Seymour Man- 
ufacturing Company, Seymour, 
Indiana, was able to do with the 
Seedkaster, one of the farm im- 
plements in its line. 

Seymour engineers originally 
designed the Seedkaster so that 
the metal base could be crimped 
to hold a canvas bag which can 
hold up to 30 pounds of seed. 

Then somebody suggested 
Acme Steel Stitching as a swift, 
trouble-free method of assem- 
bly. The canvas bag is now held 
by 58 stitches to the 24-gauge 
steel base and the stitching 


takes less than a minute. 


Get full details on how Acme 
Steel Stitching can help you 
make product improvements in 
the planning as well as the pro- 
duction stage. Write Acme Steel 
Products Division, Dept. Pp 54, 
ACME STEEL COMPANY, 2840 
Archer Avenue, Chicago 8, Ill. 
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From Precision 
Instrument Screws 
... fo Accurate 
Metal Parts... 


COMPLETE modern plant for design, 
development and production of close 
tolerance screw machine products in 
any metal, any shape, any quantity — 
diameters up to 15$" o.d. 


ct Specialists in fine threads, intricate 
production, precision screws. 


m Send blue prints or samples for free 


maibe Mm OP, estimates. 
- w 
PRODUÇ 


SERVING 


Self-locking r | AMERICAN MANUFACTURERS 


SINCE 1893 


Bolts and Screws 


Bolts and Screws ETTET Ni 


lock washers, jam nuts! 


Now you can do a real fastening job, 85 Rumford Avenue, Waltham 54, Massachusetts 
put your product together faster, and E 
drastically reduce manufacturing and 
maintenance costs. Here's how: 
No other method equals the Nylok 


, 
principle of locking threads securely in Geared to Industry * 


any position — seated or unseated. The s 
smooth wedging action of the nylon in- P d t D d 
sert does it! The lock is vibration-proof, ro uc ion eman $ 
and the ONE-PIECE construction ends d 
laborious fussing with separate auxiliary 
parts, such as safety wiring, lock wash- 
ers or jam nuts. The lock is always there 
—the operator can't forget to apply it. 
Extra security and ease of service give 
your product enhanced sales value — and 
you save plenty on assembly operations. 
Nylok bolts and screws also provide 
a leakproof seal where liquids are pres- 
ent. They will not mar mating surfaces 
and can be used over and over again. 


IMMEDIATELY AVAILABLE 


SIZES #6 UP: LENGTHS % INCH UP Offering the most 


aum The amm oe Sows oe oe ^ complete line of 


i washers available 
f today...all types 
i i and sizes, all ma- WAS H ER 5 
Corporation terials, all finishes. : 
475 Fifth Ave. New York 17, N. Y. i More than 25,000 $ TAM PI N G 5 
FACTORY: Elmira Heights, N. Y. i sets of dies, Let us 
Pleose send Bulletin 10 on Self-Locking Bolts quote on your 
and Screws. 


requirements. 
a dh 


5 ——— IBWROUGHT 
Address. ————————— i HN A P U FAC T U D 7 N G c o hd 


SSS eee The World's Largest Producer of Washers 
L Ee a ee os Oe J 


Go 
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HIGH PRODUCTION WELDER 


READILY ADAPTABLE TO 


PRODUCTION CHANGES 


New Sciaky Standard Multiple Gun 
Welder Designed for Wide Variety 
of Production Applications 


High production, multiple gun applications no 
longer require uneconomical C-frame type 
electric resistance welding machines with 
special tooling, or complex, specially designed, 
one-job machines. 


Now, Sciaky, pioneers and inventors of 
electric resistance welding machines, offers a 
standard multiple gun welder that can be 
readily adapted for production changes 
within the capacity of the machine. 


The Sciaky SX Welder, a dual platen unit, 
mounts simple superstructure providing for 
different arrangements of standard trans- 
former, booster, and welding electrode units. 


With approved J. I. C. controls, and featuring 
either independent or simultaneous dual 
platen operation, the Sciaky SX Welder 
offers all the advantages of high production, 
precision welding, plus the tremendous 
economies of adaptability to production 
changes. 

The Sciaky Standard SX Electric Resistance For complete information, write for 

Welder equipped as a 36 Gun Unit for welding Bulletin 313-12. 


blower housings at the rate of 500 per 50 min- 
ute hour. 


Largest Manufacturers of Electric == i v7 Y 


Resistance Welding Machines in the World 


Plants: Chicago * London * Paris Sales Offices: Chicago, Ill. * Buffalo, N. Y. * Cleveland, Ohio * Dayton, 
Ohio * Detroit, Mich. * Ft. Worth, Texas * Hollywood, Calif. « New York, N.Y. * Philadelphia, Pa. * Washington, D.C. 
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GRIPCO 


A — Inner View 
























"Clinch" Nut ready to insert l 
— 99 nto hexagonal hole in metal 
== 2 h “pilot” and hex hole 
Trigger Action 
I 
[he above typical applicanon shows how GRIPCO "€ i" Nuts are 
essfully used by famous makers of ranges and er aj C S 
shers iryers, refrigerators, freezers, room air ( S, € i € 
ex illustrated the GRIPCO "Clinch Nuts serv f 
c | z the product rigid in its container c W 
ssi of bolts "backing out’ and allowing the appliance to become 
naged while shipping; and second, after installation, for holding 
s which serve as feet that are adjustable for levelling 
Do you have any application on which fastening must ide f à 
get-at point; or do you need additiona di ley for applying 
in metals? Investigate this method of firmly athxing GRIPCO i 
Clinch” Nut to the work so it is already in position when bolt is applied 
Where Welding is Available — You may prefer to use 
GRIPCO Pilot Pro- or GRIPCO Coun- 
- 
MODEL H 2 jection Weld Nuts tersink Weld Nuts 
€ A new latch development for modern N 
equipment. Combines the desirable features " 
of push button operation with the positive sig 
simplicity of trigger action in a small, rugged, 
p 2 a —-— -POINT SECURITY AGAINST FASTENER FAILURE 
lightweight yet inexpensive flush latch. 
. . a meen eo, 
Available ‘ »ffset co atio l 
l A ul ible in many offset c mbin itions GRIPCO LOCK NUTS 
for various door and frame thickness 1 —Firmly lock on to bolt at any position 
arrangements. Standard with or without 2— "Stay put" on bolt, in spite of vibra- 
x sk t t ; le te |] j : j | >d tion, tension, etc 
gaskKels in Stainiess steel or cadmium platec 3— Positive locking action not due to any 
cold rolled steel outside devices, but result of simple 
vertical thread deflection 
4 — Oil or water do not affect Gripco 
locking action 
d » ES on ‘ : à 5—Can be removed with a wrench and 
Write Jor nev 1954 Flush Latch Catal )g reapplied repeatedly without loss of 
locking action 
4 A RTW t L L 6 — Cost less because of simple design 
Write for sam ple s, menttoning types 
COMPANY and sizes of nuts you use. 
I 


Manufacturer of Flush Latches and Hinges, 
Fittings and Cable Terminals 
9035 Venice Boulevard, Los Angeles 34, California 


GRIP NUT COMPANY 


308-3 S. Michigan Ave., Chicago 4, Ill. 
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Whatever your 
fastening requirements . . . 


PENN ENGINEERING 


has the answer... 








Self Clinching Fasteners... 


Weld Fasteners... Only PEM provides all 
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Steel or Stainless Steel 


ADD CORROSION RESISTANCE to the 
many advantages you enjoy with 
PEM Weld Fasteners. Now they 
are also available in Stainless Steel. 
NO BURNOUTS in thin sheets. En- 
gineered projections prevent them. 


NO RETAPPING. Shank prevents 
threads from weld splatter. 


@ NO PILOTS or special electrodes. 


€ NO INDEXING. Ideal for narrow 
flanges. Self locating. 


Write for literature and samples for trial. More 
than 600 leading manufacturers have standardized 
on Penn Engineering fasteners for good reason 


You will find out why. 


Penn Engineering & Manufacturing Corp. 


Doylestown, Pa. 


these advantages 


PROVIDE load carrying threads in 
steel, aluminum, copper or brass 
sheet, ‘Too Thin to Thread.” 


REVERSE side of sheet remains flush 


POSITIVE lock prevents turning of 
fastener. 


FAST, simplified clinching—one or 
several at a time—with standard 
tools. Just squeeze and thev're 
locked in. 












NEW BOOKS 


Motors, Engines and Controls 





Electric Machinery by A. E. Fitz- 
gerald and Charles Kingsley, Jr., 
Associate Professors, Massachusetts 
Institute of Technology, 702 pp, 
6x 9 in. Published by McGraw-Hill 





Book Co., Inc., 330 West 42nd St.. 
New York 36, N. Y. $8.50. 
Int € r undergraduate 
irses in electrical engineering 
s text presents the theory in à ma 
which highlights the basic pr 
( to all rotating ele 
ics Ww i S 1 W 1 Val 
romech l-energy-conversion 
TI sic theory is then 
c synchronous, polyphas 
single-phase machir 
) w Amplid s, Rototr 
S Transformers are | 
r s in thi p 
S heir study. 7 


1 ; 
with introductions 
sients and to the dvi 


VS 


Control of Electric Motors by Pais- 
ley B. Harwood, Vice Pres. in 
Charge of Engineering, Cutler- 
Hammer, Inc., 538 pages, 6 x 9 in. 
Published by Jobn Wiley € 
Inc., 440 Fourth Neu 
16, N. Y. $7.50. 


Sons, 


Y ork 


Ave., 


Electrical Reference by E. S. Lin- 


coln, Consulting Engineer, Fellow, 


ITEE, 814 x 11 zn. 1744 pages. Pub- 
lished by the Electrical Moderniza- 





tion Bureau, Inc., 110 Mamaroneck 
ive., White Plains, N. Y. $25. 
I S 
í proved to be of pre 
1 ola 
Í plant electrical eng 
plant maintenance men, electric 


esign engineers, and oth 
interested in industrial ar 
ommercial applications of el 


power. The book covers all t! 


G74 


groups 


tical aspects—description, ratings, Op- 
erating principles and functions of all 
types of electrical equipment and meth- 
ods utilized industrially. 

The data have been revised and ex 
panded to include the latest informa 
tion on equipment and uses. The in- 
formation is clearly and simply pre 
sented by means of text 


harts an l 4 rb] 


diagrams, 


S 


Electric Control Systems by Rich- 
ard W. Jones, Professor of Electri- 
cal Engineering, | Nortbwestern 
Technological Institute. 511 pages, 
6 x 9 in. Published by John Wiley 
& Sons, Inc., 440 Fourth Ave., New 
York 16, N. Y. $7.75. 


ered is as follows 
motor and load, d 


or characteristics, a-c motor chara 

t " 1 

ristics, electromagnetic contact-mak 
} 

ng devices, gaseous electronic switch 


electronic switching cir 
ts, power amplifiers, control circuit 


mentals, basic motor control cir 

s, motor acceleration, speed control 
bap aA cx bel l g ] 
heosta ind switching methods, speed 


trol with auxiliary power convert 


d 
^ ue feelin 
s, motor braking, 


feedback control 
ystems, and motor protection 

Self-Synchronous De- 
vices, and Electrical Servo-Mechan- 
isms by Leonard R. Crow. 6 x 9 in., 
222 pp. Published by The Scientific 


Synchros, 


Book Publishing Co., Vincennes, 
Indiana. $4.20. 
Aids in the understanding of 


} 1 1 


ıl principles underlying th 
inctional operating theory as well as 


th efrective application ol synchros 
1 allied self-synchronous electr 
hanisms. Structural details of th 
s are given whenever necessary fo 
r understandin 


g of the fun 


High-speed Engines by P. M. Heldt, 
t72 pp., 5% x 8% in. Published by 
P. M. Heldt, Nyeck 9, N. Y. $7. 
In this seventh edition, the 
been revised and brought up to date 
and new illustrations have been added. 
In particular, the chapters the 


text has 


with 


Product 


greatest amount of new material are 
those dealing with injection pumps 
and governors, two-stroke engines, 
supercharging, and methods of starting 

Chapter I, Nature of the engine and 
its fields of application. II, Thermo 
dynamic and other characteristics. III, 
Combustion phenomena. IV, Fuels for 
Diesel Engines. V, Fuel Injectors and 
Sprays. VI, Injection pumps, their 
principles and characteristics. VII 
Modern injection pumps and gov 
ernors. VIII, Precombustion-Chamber 
engines. IX, Direct-injection engines 
X, Turbulence-Chamber engines. XI 
Auxiliary-Chamber engines. XII, Two 
Stroke engines. XIII, Railroad engines 


Direct Current Machines for Con- 
trol Systems by A. Tustin, Prof. of 
Electrical Engineering, Birming- 
ham University, England. 6 x 9 in., 
320 pp. Published by Macmillan 
Co., 60 Fifth Ave., New York, 
N. Y. $10. 


The d-c machines, known by such 
names as Amplidynes, metadynes, 
others, give a power amplification with 
a fast speed of response, and as such 
furnish a basis for new solutions to 
control problems 

In this book, details of servo desig: 
and performance are fitted together 
with details of machine design for 
power amplification The principles on 
which these machines operate are also 
included. to be used as a basis for their 


rther de 


sign and applicatior 
Electric Circuits and Machines 5^; 
Eugene C. Lister, Second Edition, 
(27 pp, 6 x 9 in. Publisbed by Mc- 
Graw-Hill Book Co., 330 West 42 
St.. New York 36, N. Y. $5.50 

This new edition of this clearly 
written and instructive manual gives 
the reader a concise, over-all picture of 
the electrical field, and covers thi 
fundamentals of both direct and alter 
nating current circuits and machinery 
Subjects covered are: circuits, batteries 
magnetism, induction, generators, vari 
ous kinds of motors and controls, trans 
formers, alternators, and electronic 
tubes. Special features are the treatment 
of a-c machines and a section on the 


effective use of industrial symbols 
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SECTION (o 


Motors, Engines 
and Controls 





SECTION H—MOTORS, ENGINES, AND CONTROLS 


The Torque Motor As a Control Device 


New NEMA Dimensions for Integral Horsepower Motors 


Selection Guide for Small Motors . 


Selection and Operation of Error Measuring Devices, Servo Motors, 
and Servo Controliers 


The Significance of WK? and How to Calculate It 


Selecting Small Air Cooled Engines 


Speed Governors for Internal Combustion Engines 


Developments to Watch 
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Torque motors 







a 
p" Clomping 
fixtures 





Sundatrand Machine Too! Co 


Fig. 1—Milling machine using torque motors 
to power the clamping fixtures. Two motors 
are employed—one for each set of devices. 


The Torque Motor 
As a Control Device 


New interest is being shown in the torque motor as an actuator in con- 


trol systems. Its advantages are: unlimited travel, either fast or 


cushioned operation and a practically linear speed-torquecharacteristic. 


ROBERT KAPLAN 
ALBERT J. BROTZ 


Howell Electric Motors Company 


THE CHIEF DISTINGUISHING FEATURE 
of the torque motor is the ability to 
withstand locked rotor currents for 
long periods of time. These periods 
may represent from 5 to 100 percent 
of the duty cycle of the motor. In 
other respects, the torque motor is 
similar to conventional types. It can 
be made for operation at all commer- 
cial voltages and frequencies and for 


use of direct current, single phase or 
polyphase circuits. This similarity 


applies also to the range of ratings 
available and to mechanical features 
such as enclosures, bearings and built- 
in gearing 

The design of a polyphase a-c torque 


Product Engineering 


motor is typical of this class of ma- 
chines. It is known that when rated 
line voltage is applied to the terminals 
of a conventional squirrel cage motor, 
the initial inrush current is 5 to 6 times 
greater than rated current. If the rotor 
is locked and the heavy current allowed 
to persist for some length of time, the 
motor burns out 

In a squirrel cage motor, there arc 
two motor parameters that can be 
changed to alter locked rotor current 
The parameters are resistance and re- 
actance. To decrease the inrush cur- 
rent, either or both resistance and 
reactance must be increased 

An increase in rotor reactance re- 
sults in a decrease not only in inrush 
current but in locked rotor torque as 
well. In contrast to this, increasing 
rotor resistance up to an optimum 
point causes an increase in developed 
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torque while limiting locked rotor 
current. 

The objective in designing a torque 
motor is to provide for the limitation 
of locked rotor currents. And, because 
of its beneficial effect on torque, added 
resistance is the limiting means chosen 
The customary method of increasing 
the rotor circuit resistance in a poly 
phase squirrel cage torque motor is to 
rotor and ring 
rials having electrical resistivities from 
6 to 10 times than 
copper 

In Fig. 2 is given a family of 
speed torque curves that are represen 
tative of squirrel cage motors. Curve 
A is based on a rotor having a con 
ventional magnitude of 
Each of the remaining curves show th 


bar end 


use 


mat 
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greater 
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effects of adding progressively greater 
rotor circuit. It is 


H 


resistance in the 



















first, that each time resistance 
is added, a given value of torque is 
developed at a lower speed. Also 
apparent is the fact that locked rotor 
torque increases with added resistance 
up to and including Curve D. For 
Curve E, locked rotor torque drops 
back to a value lower than the maxi- 
mum torque of Curve D. Thus, the 


noted, 


optimum value of rotor resistance lies 
somewhere between Curves D and E 

Two points of interest concerning 
the torque 


I 
| 


motor can be noted from 
‘ig These are the approach to 
inearity of the speed-torque curve 
and the fact that the motor exerts its 
maximum torque when stalled 

Torque motors are called upon to 
operate in one of three ways. Apply 
ing an arbitrary classification to torque 
motors, a Class I torque motor is de- 
fined as one which may be required to 
exert torque while in a stalled condi- 
tion for periods ranging from a few 
seconds to many hours 

A Class II torque motor is one that 
is required to run for relatively long 
periods compared to the time stalled 
Class III covers motors that are called 
upon to run at one speed or several 
speeds, usually considerably below the 
synchronous speed In Class III ap- 
plications, the motor is seldom i 
ever—stalled. But by 
torque motor, the designer takes ad 


) 


choosing a 


vantage of the linear torque-speed 
characteristic and of the fact that the 
motor can operate at high slip with 
out destructive overheating 

It should be pointed out that the 


d assifications are arbitrary 


assigne 


and are chosen to emphasize types of 
applications. Actually, there is no 
basic design differences among the 
motors used in the various classifica- 
tions. 

The rating of a torque motor is gen- 
erally expressed in terms of the locked 
rotor torque developed and the per- 
cent of operating time during which 
the motor can remain stalled without 
damage. The torque is given in ounce- 
feet, pound-inches or pound-feet, de- 
pending on the magnitude of the 
values. The relationship of the per- 
cent duty cycle rating to minutes of 
actual operating time is: 


Cyclic Rating 
Max ' — (Sec.) 
Stalled 
Time 


Min.)* 


Duty 
Cycle 


’ Deener- 
Percent 


Stalled gized 


100 Continuous Continuous 
50 60 30 

25 20 15 

10 10 6 

5 5 3 


es Iaio 


*Motor should be allowed to cool to 
room temperature between operations. 


It can be seen from this table that the 
percent duty cycle rating relates to 
cyclic operation. Thus, a torque motor 
with a 50 percent duty can be stalled 
for as long as 30 min in each hour of 
operation. In non-cyclic usage, the 
same motor can be locked safely for 
60 min, providing it is allowed to cool 
to room temperature between opera 
tions 

For a given torque and percent duty 
cycle, the physical size of a polyphase 


Moterial being 





Percent of Synchronous Speed 


20 40 60 80 100 


120 140 160 180 
Percent of Locked Torque 


torque motor decreases as the number 
of poles increases. This is illustrated 
as follows for one typical rating. 


Torque y/ NEMA Frame Size 


Pound- | Duty 
Feet Cycle 4 6 12 16 
pole | pole | pole | pole 


100 326 | 284 | 225 | 224 


The number assigned by NEMA to a 
frame is an indication of its physical 
dimensions. 

This is explained by the fact that 
shaft torque is a direct function of 
rotor diameter and field flux. The 
magnetic field rotating in space actually 
pulls the rotor after it. The greater 
the field strength, the greater is the 
force acting on the rotor. It is this 
force multiplied by rotor radius that 
produces shaft torque. By adding to 
the existing number of field poles, 
the motor designer increases the 
strength of the rotating field. Thus, a 
smaller rotor radius is needed to effect 
a given value of torque. 

The number of stator slots required 
to accommodate the field windings of 
the motor is directly proportional to 
the number of poles. Therefore, it 
can be seen that an indefinite extension 
of the above table is impossible, since 
the reduction in frame size soon limits 
the quantity of winding slots that can 
be accommodated 

A second limitation on the number 
of poles that can be used is the speed 


,"Tensioning 
/ finger 


Varioble 
volfoge 
transformer- 


Fig. 2—Torque-speed characteristies of squirrel cage 
induction motors. Rotor resistance was increased pro- 
gressively to obtain the different curves. Note that 
curves D and E—representing high rotor resistance 
—are almost linear. The performance characteristics 
of an ideal torque motor lie somewhere in the area 
between these curves. 


Fig. 3—Schematic of application of torque motor to 


provide 


adjustable 
through rolls. Tensioning finger acts as a friction 
brake on the material. 


tension on material moving 
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of the motor. The speed of an induc- 
tion motor is given as: 


S = 120 f P 
where S =speed in rpm 


J = frequency of the line voltage 


l 


ll 


p = number of poles 

For a constant frequency, such as 
that of the conventional 60 cycle 
supply, an increase in the number of 
poles causes a decrease in the speed. 
Thus, where the torque motor is to 
operate at a certain speed, the motor 
designer has no choice but to supply 
the correct number of poles to attain 
that speed. 

Listed in Table I are the frame 
sizes used by one manufacturer for 
polyphase torque motors with from 
four to 16 poles. 


Class I Applications 


Given in Fig. 3 is a schematic of 
an application involving adjustable 
tension. Torque exerted by the motor 
tensioning fingers to work 
against the material being processed. 
The system may include a spring 
mechanism which relieves the tension 
when the motor is deenergized. When 
the particular material being processed 
calls for full motor torque, the motor 
is energized directly across the line. 
When the material size or strength is 
changed so that less tension is neces- 
sary, lower primary voltage is applied 
to the motor by means of the variable 
voltage transformer. It is important 
to note that the torque motor does not 
drive any of the processing system. 

Some of the advantages of the 
torque motor over more conventional 
methods of applying force are appar- 
ent in the use of a torque motor re- 
for a brake. Here, the motor 
might take the place of an electric 
Fig. 4 illustrates the use of 
such a motor applied to an elevator 
brake. The torque motor provides 
quieter operation and more positive 
action because of freedom from stick- 
ing 

The action of the torque motor 
shown in Fig. 4 is as follows: the 
torque motor and the winding machine 
motor are wired in parallel. When 
the motors are energized, the torque 
motor releases the brake against the 
tension of the spring which tends to 
hold the brake When the 
power is cut off, both motors are de- 
energized and the spring sets the brake 

A further use of a Class 1 motor 
is for the operation of the retiring 
cam found in automatic 
The action of the cam is to releasc 
the door locking mechanism when the 


causes 


lease 


sole noid 


C losed 


elevators 


Table I—NEMA Frame Sizes for Torque Motors 











TORQUE PERCENT OF TIME LOCKED 
Pound-Feet s% | 10% [| 25% 50% | 1004 
4 Pole — RPM = Cycles X 30 
a A56 B56 B56 A66 A204 
-75 A56 B56 C56 B66 A224 
1.0 B56 C56 B66 A204 A254 
_2.0 _B66 | X _ A204 A224 A225 A326 
6 Pole — RPM - Cycles X 20 
5 A56 A56 A56 A56 B66 
9 A56 A56 AS6 A66 A204 
1.0 A56 A56 C56 B66 A224 
2.0 C56 A66 A204 A224 A284 
3.0 B66 A204 A224 A254 A326 
ze ae A204 | A224 | A225 A284 364 
8 Pole — RPM = Cycles X 15 
s A56 A56 A56 A56 B66 
.75 A56 A56 AS56 A66 A203 
1.0 A56 A56 A66 A66 A204 
2.0 C56 C56 A203 A204 A254 
3.0 | A66 B66 A204 A254 A324 
4.0 B66 A204 A224 A284 A326 
050 A203 A225 A254 A 524 364 
10 Pole — RPM - Cycles X 12 
A A56 A56 A56 A56 A66 
.75 A56 A56 A56 C56 B66 
1.0 A56 A56 B56 A66 A203 
2.0 B56 C56 A66 A203 A254 
3.0 C56 A66 B66 A225 A284 
4.0 A66 A203 A204 A254 A324 
5.0 B66 A224 A225 A284 A326 
7.0 A203 | A225 A254 A324 364 
12 Pole — RPM - Cycles X 10 
oS A56 A56 A56 A56 C56 
-75 A56 A56 A56 B56 A66 
1.0 A56 | A56 A56 C56 B66 
2.0 A56 B56 C56 B66 A225 
3.0 B56 C56 A66 A224 A254 
4.0 C56 A66 A204 A225 A284 
5.0 A66 B66 A224 A254 A324 
7.0 B66 A204 A225 A284 A326 
8.0 A204 A224 A254 A324 365 
10.0 A224 A225 A284 A326 404 
16 Pole — RPM - Cycles X 7.5 
E 
25 A203 
1.0 A204 
2.0 A203 A224 
3.0 A204 A225 
4.0 A203 A203 A203 A224 A254 
5.0 A203 A204 A204 A225 A284 
7.0 A204 A224 A224 A254 A324 
8.0 A204 A224 A225 A284 A326 
10.0 A224 A225 A254 A324 354 
desired floor level is reached. The and the cam is retracted by action « 


entire assembly is shown in Fig. 5 
The torque motor is mounted above 
the cam, which is shown 
tracted position 


in the re- 
When the elevator 
stops, the motor is energized and 
makes about one-half revolution be- 
fore it is stopped positively by a metal 
link. The cam is thus extended for 
ward in a position to actuate the door 
When the elevator is started 
again, the torque motor is deenergized 


rc le ase 
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a spring 
The torque motor is frequently used 
as the power 


operated control panels for d-c mo 


element in remotely 


tors. The panel pictured in Fig. 6 is 


for the control of an elevator 
ger motor. The 


passe n 
contactors, which ar 
mounted in four horizontal banks, ar 
losed by means of cams. Torau 
motors drive the camshafts for start 


ing accelerating, stopping and revers 


Hs 


Fig. 4—Torque motor used as brake release element 
on an elevator cable drum. When energized, the 
torque motor drives the sector gear until it stalls. The 


motor remains in the stalled condition as long as the 


drum is turning. 


Fig. 5—Retiring cam used to operate a 
door latching mechanism is powered by a 
torque motor. Assembly below is mounted 
vertically, with the motor directly above 


the cam. 


ing the main motor. For speed control, 
the contacts on the panel cut resistance 
in and out of the armature and field 

ils of the traction motor. By 
camshaft speed 


oper selection of 


shape of the cams, smooth 


i : 
ic braking char 


acceleration and dynam 


| hi 





eristics Can be obtained 
“a > i us i 
The Sundstrand milling machin 
1 + $ 1] 
Fig. 1, incorporates two small ver 
n the 
I rn 
lamps 
] an« 
CW 
is ir 
h hit lC OI push 
Ls 
n la bu and holds 
1 1 
l not stalls. H hen releas h 
) wh h S S 1 g 
g < f Wł W 
f the « ra shes 
i | u à Y : 
S i rel S work I 
rqu iotor provides secure holdir 
n this application 


Class Il Applications 


Large valves are often actuated by 
a < J 
high speed (two or four pole) torque 
motors. A large proportion of the mo 
tors so used are built to explosion re 
The 


claimed for motor operated valves are 


sisting standards advantages 
mote control, higher speed, greater 
ability to break away after long idle 


| di 


periods and decreased valve seating 
shock. 

An interesting torque motor applica 

illustrated in Fig. The de 

shown is an electromechanical re 

ote control for drag scraper driving 

drums. This to 


tion 1s 


ue motor is of the 


rqu 
The purpose of the 


reversing type 


hanism is to permit the operator 

be located in a remote position such 
that he can see the scraper bucket in 
y location in the storage area. The 
operator controls the torque motor by 
ins of a "Right, "Left," and 
Neutral spring actuated switch 
While the master switch is on “Right 
r "Left," it controls the direction of 
rotat [f the torque motor. When 


the switch is returned to the neutral 

$ ` 1 

sitior rak s automatically 
*} t L1. i Vi > VP} Ui 

The torg notor is connected by 

ins Of a worm gear reducer and 

roller chains to the clutch plates on 


h cable dtum. The 


Cable drum 


clutches are 
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leadscrew-actuated and are arranged so 
that when the torque motor rotates 
clockwise, the clutch of one drum is 
engaged. This connects the drum to 
the main drive motor. This drum takes 
up the drag bucket cable, while the 
second drum idles, playing out cable 

Then, when the torque motor is 
reversed, the first clutch drops out and 
the second clutch is engaged. The 
idling drum becomes the driven unit, 
and the cable is pulled in the opposite 
direction. 

Use of the single clutch motor pre 
vents both clutches being applied at 
the same time. The torque motor is 
stalled under power when either clutch 
is engaged 

Positioning tables, requiring as many 
is 60 index positions per minute, arc 
often driven by Class II torque mo 
table is driven 
through various types of gears usually 
of such magnitude that the inertia of 
the table The problem 
nvolved table 


from position to position in a fraction 


tors. In most cases the 


is negligible 
here is to move the 


of a second so that time remains to 
handle the material brought into posi 
tion. Variations of this type of tabk 
in loading containers auto 
and in automatic 

The advantage of a torque 
motor in such applications is its rapid 


acceleration 


are used 
matically, welding 
; 


vices 








































Torque motors 


















Haughton Elevator Co. 


Class III Applications 


Application of this class of torque 
motor is found in reeling devices used 
in the winding and spooling of ma- 
terial, such as various types of paper 
or threads. The problem involved is 
to reel the material at approximately 
constant tension and constant linear 
speed. The need for constant tension 
is brought about either by the strength 
of the material being reeled or, even 
more likely, by the need for uniform 
tension in the layers of the reeled ma- 
trial. The desirability of constant 
linear speed is generally a result of 
the process involved. Usually, the ma- 
terial goes through some stage at con- 
stant speed before being taken up on 
the reel 

To illustrate the design problems in- 
volved in applications of this type, a 
typical case can be considered 

Assume a thread is to be reeled on a 
spool which is two inches in diameter 
when empty. The spool when full will 
have a diameter of four inches. The 
thread is of such a material and size 
that not over five pounds tension can 
be tolerated. Before the material is 
reeled, it through a solution 
which is of such makeup that the 
thread would be injured if allowed to 
remain in it too long and would not 
be properly treated if allowed to pass 


passes 
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Sprocket attached to 
clutch screw 


Lost-motion flexible coupling 


Beaumont Birch Co. 







Adjustable broke 








4 MOTORS, ENGINES AND CONTROLS 


Friction drive 








Torque motor 


Fig. 7—Torque motor controls the engagement of two 
clutches in this cable drive. When torque motor rotates 
clockwise, the clutch of one cable drum is engaged, 
coupling it to the main motor. This action is reversed by 


reversing the torque motor. 


Fig. 6—Bank of contactors for control of d-c motor. Torque 
motors turn the camshafts that actuate the contactors. This 
assembly is more flexible and provides smoother speed adjust- 
ment than that possible with conventional magnetic contactors. 


through the solution too rapidly 
Assume the rate of passage of the 
thread must be maintained at approxi- 
mately 300 ft per minute. 
The motor speed needed to obtain 
a linear speed of 300 fpm on a two 
inch diameter spool can be determined 
by the elementary relationship: 
300 x 12 
g- 


Speed 573 rpm 
The torque required is equal to 
the tension multiplied by the radius of 
the spool or five pound-inches. One 
point on the motor speed-torque curve 
now has been determined; i.e., five 
pound-inches at 573 rpm. The second 
point is determined from the require- 
ments when the spool is full or: 


300 X 12 


Speed = = 287 rpm, and 
I 4 v I 


torque = 5 x 2 2 10 lb-in 


It is obvious that if the drive motor 
has a perfectly linear speed torque 
curve, a motor designed to meet the 
first point would also meet the second 
point. The torque motor has charac- 
teristics that closely approximate this 
requirement. However, normally the 
speed-torque curve as shown in Fig. 2 
deviates from the straight line and 
some compromise must be made. 

The manner in which this compro- 
mise is made is shown in Fig. 8. The 





ó 8 
o o 


Speed (rpm) 
5 
o 
c 


6 




















Fig. 8—Straight liae represents speed- 
torque characteristics required to 
control material tension in a wind. 
ing or spooling machine. Curves A 
and B show performance actually 
obtainable from torque motors. 








straight line indicates the ideal motor 
characteristics required. Curves A and 
B show the actual performance that can 
be obtained with torque motors 
Usually in reeling a material, the inner 
fibers can be wound slightly tighter 
than the outer fibers and a curve as 
shown at A is used. When the oppo 
site condition exists, a motor designed 
in accordance with curve B is used 
Tension can be varied by use of an 
adjustable voltage transformer. 


Ho 
















New NEMA Dimensions 


Rerating of electric motors by NEMA allows 
more horsepower to a frame size. New motors will 
satisfy the same performance standards of torque, 
temperature rise and starting current limitation as 
before, but manufacturers will use a fewer number of 
frame sizes to cover the range of horsepowers. 

To meet these new standards most manufacturers 
are re-engineering their motors. See regular issues of 
Product Engineering tor a complete discussion of 


what the new ratings will mean to users in terms ot 


new design versatility. It is expected that products 


conforming to the new standards will not be generally 
available before: January 1, 1954 for frames sizes 
182 and 184; June 1, 1954 for frames sizes 213 
215; November 1, 
256U; April 1, 
286U; September 1, 1955 for frames sizes 324U 


326U 


and 
and 


and 


1954 for frames sizes 254U 


1955 for frames sizes 284U 


and 


MG1-3.2.a 


mounted Motors 


Frame 
Number 


182 
184 


1: 
15 


254U 
256U 


All dimensions in inches 


* Dimension D will never be greater 
than the above values, but it may be 
less so that shims are usually required 
for coupled or geared machines. When 
the exact dimension is required, shims 
up to 1/32 inch may be necessary on 
frame sizes whose dimension D is 8 
inches and less. 


284U 
286U 


324U 
324S 


3260 
326S 


Key 


MG1-5.7.a—Frame Sizes 
for Polyphase, Squirrel- 
cage, General-purpose, 
Designs A and B, Hori- 
zontal Motors, Open- 
type, 40C, 60 Cycles, 


550 V and Less 


Frame Size 
1,800 rpm 
Motors 


Thick- A B 
Width | ness | Length 


Max. | Max. D* 


Standard Dimensions for Single-phase and Polyphase 


6 l 


6! 
6! 


MG1-5.3.a — Frame Sizes for Single- 
phase, General purpose, Horizontal and 
Vertical Motors, Open-type, 40C, 60 
Cycles, 115 and 230 V 


Frame Size for Various Speed Motors 
3,600 rpm 


HP : 

1,800 rpm | 1,200 rpm 

| 184 
213 
215 


184 
184 
213 
215 
254U 
256U 


184 
184 
213 
215 
254 


MG1-5.9.a Frame Sizes for Poly- 
phase, Wound-rotor, General-purpose, 
Horizontal and Vertical Motors, Open- 
type, 40 C, 60 Cycles 


Frame Size for Various Speed Motors 
1,800 rpm | 1,200 rpm 900 rpm 
213 

215 

254U 
254U 
256U 
284U 
324U 
326U 


HP 


d 


213 
215 
| 254U 
256U 
284U 
324U 
$ 326U 


213 

215 

254U 
256U 
284U 
324U 
326U 


te» 


-— 
CQ 2 UU! C NM M 


— 
un 


, Induction Foot- 


AA Min. 
V Size of 
Min. | Conduit 


4 6 
4 6 
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H MOTORS, ENGINES AND CONTROLS 


for Integral HP Motors 


MGI1-5.7.b —Frame Sizes for Polyphase, Squirrel-cage, MG1-5.10.a 
General-purpose, Designs A, B and C, Horizontal and 
Vertical Motors, Open-type, 40C, 60 Cycles, 550 V and Less 


Frame Sizes for Polyphase, Squirrel-cage, 
Designs A, B and C, Horizontal and Vertical Motors, 


Totally-enclosed, Fan-cooled Type, 55 C, 60 Cycles, 550 V 
or Less 


Frame Size for Various Speed Motors 


Frame Size for Various Speed Motors 
3,600 rpm | 1,800 rpm . 1,200 rpm 900 rpm 720 rpm 
- 3,800 rpm | 1,800 rpm | 1,200 rpm 900 rpm 720 rpm 
1821 
1821 1841 
1841 2131 ` 
182ł 1841 2131 1821 
1841 213t 215t > 1841 
1841 215** 254U** 1841 
213t 215* 254U** | 256U** 213t 
215t 254U* | 256U** | 284U** 215* 
254Ut | 256U* | 284U** | 286U** 2 254U* 
256Ut | 284U* | 324U** | 326U** 256U* 
284Ut | 286U* | 326U** 284U* 
286U1 | 324U* 286U* 
324S] | 326U* 326U* 
40 326St 


1821 

1841 

2131 2131 2151 
2131 2151 254Ut 
2151 254Ut | 256UT 
254U* | 256Ut | 286UT 
256U* | 286Ut | 324Ut 
284U* | 324Ut | 326Uf 
286U* | 326Ut 

326Ut 


* Apply to Design C Motors only. * : 
** » : Apply to Design A, B and C motors. 
Apply to Designs A, B and C Motors . à 
t Apply to Design A and B motors only. t Apply to Design A and B motors only. 


Note Where 4 holes BF) are 
used they are on the 45 
s = T asd Tolerances: 
bs den AK Dimension: 
AC | 182D-286UD, inclusive— 4- 0.000, —0.003 inch; 324UD, 
E 326UD, 324SD and 326SD +-0.000, —0.005 inch 


Face Runout: 
182D-286UD, inclusive— 0.004 inch indicator reading 
324UD, 326UD, 324SD, 326SD—0.007 inch indicator 
reading 


Permissible Eccentricity of Mounting Rabbet: 
182D-286UD, inclusive—0.004 inch indicator reading 
324UD, 326UD, 324SD, 326SD—0.007 inch indicator 
reading 


Permissible Shaft Runout: 
ols -F \ E A | 182D-286UD, inclusive—0.002 inch indicator reading 
; fast. P i. T 324UD, 326UD, 324SD, 326SD—0.003 inch indicator 
reading 


AA Min. 
Size of 
Conduit 


Note: These dimensions may also be applied to vertical 

N motors in which case the frame designation may 

1 4 AF, M j have the suffix letters DV, UDV or SDV. 
All dimensions in inches ) 


MG1-3.6. a—Standard Dimensions for Type D Flange-mounted, Single-phase and Polyphase, Squirrel-cage Induction Motors 


Key Clearance Hole BF 


Frame 


Number Width Thickness Size Number 


182D and 184D 
213D and 215D 
254UD and 256UD 
284UD and 286UD 
324UD and 326UD 
324SD and 326SD 
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HIGH-STARTING TORQUE 
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Selection Guide for Small Motors 


Characteristics of the six main types of motors for frac- 


tional or subfractional applications, and typical uses. 


Table listed the factors that 
influence the selection of a fractional 
horsepower motor. To meet the re- 
quirements of any particular applica- 
a designer can choose one of six 
1) single phase squirrel cage, 
>) single phase wound rotor, 3) poly- 
phase, 4) synchronous, 5) direct cur- 
rent, and 6) universal. 


tion. 


types 


Single Phase 
Squirrel Cage Motors 


A pulsating field supports rotation 
in a single phase induction motor. But 
since this field usually does not itselí 
rotate, such motors need auxiliary start- 
ing devices. Single phase squirrel cage 
motors are classified on the basis of th« 
nethod of starting 


lit-Phase. If a single phase a-c induc 
tion motor is equipped with an auxil- 
iary winding, displaced in magnetic 
position from and connected in parallel 
with the main winding, it is called a 
split-phase There are three 
types: general purpose, high torque, 
und two-speed. 

As a rule, these motors are constant 
speed, require little maintenance and 
ure reversible at rest only. Starting 
torque ranges from 150 to 175 percent 
of running torque starting current is 
to ten times full load current 

Because small wire is used in the 
starting winding, the windings will 
burn out if starting time is not - 
short. Split-phase motors—particularly 


notor 


five 


Hio 


ole, 3,450 rpm types—are usually 
applied to light inertia loads that re- 
quire a short time to pull up to speed 
Overload protection is desirable. 

General purpose motors, ranging 
from 1/20 to 1/3 hp, are used in oil 
burners, office appliances, fans, and 
blowers. High torque motors 1/3 hp, 
may cause light flicker when connected 
into underwired or overloaded lighting 
circuits. They are recommended for 
washing machines,  ironers, sump 
pumps, home workshop tools, and re- 
Irigeration units 

With two separate windings and a 
one-pole double throw switch, the two- 
speed unit costs almost twice as much 
as the other split-phase motors. It is 
used in medium torque applications 
like belted furnace blowers, attic ven 
tilating fans, and other belted power 
drives. Because of the type of applica 
tion and the motor's is recom 
mended that thermal overload devices 
be used to protect such units 


cost, it 


Capacitor. A cap a sin- 
gle phase a-c induction motor that has 
i main winding connected directly to 
the source of power and an auxiliary 
winding connected in series with a 
ipacitor There are three types: 1) ca- 
pacitor start, 2) permanent split c apaci 
tor, 3) two ralue capacitor. 

In the first type, the capacitor phase 
stays in the circuit only during start 
ing. A centrifugal switch cuts it out 
when the motor reaches running speed 
In sizes from 1/250 to 3/4 4 hp, such 


acitor motor 1s 


motors are constant speed, reversible 
at rest only, quiet and economical. 
Starting torque is very high. They are 
recommended when power factor and 
efficiency are important factors power 
factor being close to unity, and effi- 
ciency excellent. High efficiency means 
reduced heat loss and lessens the prob- 
g of heat dissipation 

Capacitor motors are used for heavy 
duty drives like those required by com- 
pressors, stokers, pumps, refrigerators, 
fans, blowers, and air conditioners 

In the permanent split capacit 
motor the same value of capacitance 


Table I 


Small Motor Selection Factors 


1. POWER SUPPLY 
Type 
. Line Voltage 

`~ Frequency 


a-c or d-c 


. PERFORMANCE 
a. Horsepower rating 
b. Speed at full 
c. Starting torque 


load 
in percent 
of full load torque 
. Full 


Duty cycles 


load torque 


intermittent 
continuous 
reversing 


non-reversing 


. MOUNTING 
a. Vertical 
b. Horizontal 


4. ECONOMICS 
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Percent synchronous speed 






CAPACITOR-START 





Running 
winding 


Percent synchronous speed 


300 400 
Percent full load torque 


500 


remains in the circuit during starting 
and running. Major characteristics of 
such motors are low starting torque and 
smooth, unbroken speed-torque curves, 
which make them adaptable to direct 
connected fan drives and blowers, and 
unit heaters. 

To combine the better features of 
the previous capacitor types, a designer 
can choose a two-value capacitor motor. 
In this unit different values of capaci- 
tance are used for starting and operat- 
ing conditions; a centrifugal switch 
makes the change over Although they 
are expensive—about double the cost 
of a capacitor start motor—these mo- 
tors have excellent starting and run- 
ning characteristics, and 
heavy duty applications 


are used for 


ided | If a single phase a-c in- 
duction motor has an auxiliary short- 
circuited winding or windings dis- 
placed in magnetic ion from the 
main winding, it is bation as a shaded 
pole motor. Least expensive of all a« 
motors, this type is widely used in sizes 
from 1/300 to 1/30 hp 

One of the main advantages 
maintenance. Such motors do not re- 
quire brushes or centeifugnl switches. 
However, with low starting current 
they develop low starting torque. Power 
factor is low and poor 
They tend to run hot when wound for 
peak output, so where 
heat dissipation is unimportant and 
high power factor and spe not 
critical. Shaded pole motors 
onnected but cannot be reversed: di 
rection of rotation must be specified 
for each application. Comp ered to a 
split- ae type, horsepower output pe: 
pound of motor weight is low. Typical 
applications: fans, small blowers, unit 
heaters, and hair driers 


posit 


IS easy 


efficiency is 
they are used 


d are 
are easily 


Single Phase 
Wound-Rotor Motors 


When it is desirable to have a high, 


PERMANENT SPLIT CAPACITOR 


POLY PHASE 
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Percent full load torque 


controllable starting torque, wound- 
rotor motors are preferred to squirrel 
cage units. By adding resistances in 
series with the rotor coils, it is possible 
to vary current and starting torque. 
There are three major types: 1) repul- 
sion motor, 2) repulsion-start induc- 


tion motor, and 3) repulsion induction 
motor. 
Repulsion motor. If a single phase 


motor has a stator winding connected 
to a power source and a rotor winding 
connected to a commutator—with the 
brush on the commutator short circuit- 
ed and placed so that the magnetic axis 
of the rotor winding is inclined to the 
magnetic axis of the stator winding 
the motor is a repulsion motor. It has 
varying speed characteristics 

Major advantage of such a unit is 
the extra-high starting torque with rel 


itively low starting current. But this 
is offset by the disadvantage of difficult 


maintenance, complicated by the wound 
armature, commutator brushes, brush 
lifting, brush armature 
short-circuiting mechanisms. As a re 
sult, they are rarely used, having been 
replaced for the most part by capacitor 
motors 


shifting, or 


Repulsion-start induction motor. If a 
motor is wound like a repulsion motor, 
but at a predetermined speed the rotor 
windings are short circuited or 
nected to simulate a squirrel cage wind 
ing, the unit is repulsion-start indu 
tion. motor. Because it runs as an 
induction motor, it has constant speed 
characteristics. 

Its high starting torque characteris 
tics are particularly useful for belt 
driven re irignestion units, compressors 
stokers, and 


con 


jet and coolant pumps 


Ref ulsion induction motor. If the mo 
tor has a squirrel-cage winding in the 
rotor in addition to the repulsion 


motor winding it is repulsion induction 
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motor. It starts on the repulsion prin 
run at full speed on a combination of 
the repulsion and induction principles 
It may have either constant speed or 
varying-speed characteristics. 


Polyphase Motors 


Where polyphase current is avail 
able polyphase induction motors are 
suitable for all constant zee applica 
tions. Their main advant lies in a 
simple construction that requires a min- 
imum of maintenance. But, because 
they require much more complicated 
control than single phase units, they arc 
not usually used. 

Most frequent use is in the larger 
sizes 14 to hp. There are available 
special designs with extra high starting 
torque for hoists, door operators, and 
tool and clamp devices. In 
high speed applications, like 
and textile spinning mde 
high frequency polyphase motors may 


be used 


traverse 
port 4l »le 


tools 


Synchronous Motors 


When constant speed is required re 

load and fluctua 
tion, a synchronous motor is generally 
preferred 


gardless of voltage 


Most common are the single 


phase units, the Ed motor and 
the hysteresis motor. Like the indui 
tion motor, the single phase synchron 
ous motor is not self-starting. It uses 
the same starting  principles—split 
phase, capacitor start, and shaded pol 


Single phase. Used mostly on instru 


ments, sound recording and reproduc 


ng apparatus, teleprinters, facsimil 
printers. Choice of particular type d 
pends on starting torque requirements 


Split-phase and capacitor typ 
relatively high starting torque 

For units smaller than 1/20 hp, the 
shaded pole and split-phas: make rela 
tively inefficient 


S supph 


Synt hronous motors 
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Even so, the « ipacitor motor has only 


half the power output of an a-c induc- 
tion motor of equal frame size and 
number of poles. The disadvantage of 
larger size for equal power must be 
balanced 


against the advantage of ab 


solutely constant speed 


Hyst is. Quietest of all motors but 
one of F the more expensive, the synchro- 
nous hysteresis motor is commercially 
available in sizes from a fraction of a 
100 Despite its simple 
onstruction ıt 


watt to watts 


develops high starting 
and synchronizes high inertia 
loads without complicated starting Or 
acceleration equipment 


External switching 


torque 


devices reconnect 
the windings in various pole groupings 
to change the making these 
ratings available 900, 1,200, 
1,800 and 3,600 rpm Changing the 
supply frequency will operate the mo 
tor at varying speed 

Typical applications: electric clocks, 


phonographs, wire 


speed 
600. 


recorders, motion 
picture sound cameras and projectors, 
stroboscopic devices, gyros, timing de 


vices, and tension devices 


Direct Current Motors 


Direct current motors are comple- 
mentary to a-c types as to ratings and 
speeds As a rule they are specified 
only when a-c current is not available 
One exception: they can be used when 
variable speed characteristics are de 
D-c motors are classified, 
ing to the 


accord 
the field 
and armature circuits, into three groups 
1) shunt wound, 2 


sired 


manner of wiring 


) series wound, and 
3) compound wound motors 
| 
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100 200 300 400 500 
Percent full load torque 


Shunt wound. If the field circuit and 
the armature circuit are connected 
parallel, the unit is a shunt wound d-c 
motor. In a so-called stabilized shunt- 
wound motor, a light series winding 
is added to prevent a rise in speed or 
to obtain a slight reduction in speed 
with increase in load. Particularly well 
adapted for variable speed operation. 

Most widely used in sizes smaller 
than 1/12 hp, it is a general purpose 
motor for all applications operated by 
d-c circuits 


ound. If the field circuit is 
connected series with the armature 
the unit is a series wound d-c motor. 
Used in applications similar to the a-c 
shaded pole motor, like fan applica- 
tions, — by d-c circuits. May be 
used instead of a shunt-wound motor 
in very small m to get rid of a 
device with fine wire in the field. 


Serres u 


und motor. If the motor 
has two separate field windings—one, 
usually the predominant field, connect- 
ed in parallel with the armature circuit 
and the other connected in series with 
the armature circuit—the unit is a com- 
pound wound motor. A so-called gen- 
eral purpose compound wound motor 
both shunt and series windings 
to give a speed regulation between 
and full-load greater than is 
permissible for standard shunt-wound 
machines, but not exceeding 25 per 
cent based on full load speeds 


Com pound-wo 


uses 


nt load 


This type is used in the same i1ppli 
cations as the d-c shunt wound motor, 
but in larger sizes, from 1/12 and big: 
ger. For ratings in excess of 1⁄ hp, : 
starting rheostat is usually required 


Product 


Types of Small Motors 


Single Phase Squirrel Cage Motors 


1. Split phase 
a. General Purpose.1/20 to 1/3 hp 
b. High Torque 1/3 hp. 
c. Two Speed 1/8 to 1/4 hp. 


. Shaded Pole 1/300 to 1/30 hp. 


. Capacitor 
a. Capacitor Start. .1/250 to 1/3 hp. 
b. Permanent Split.1/20 to 3/4 hp. 
c. Two Value 


Capacitor 1/20 to 3/4 hp. 


Single Phase Wound Rotor Motors 
Repulsion Motor 
Repulsion Start Induction Motor 


Repulsion Induction 
Polyphase Motors 


Synchronous Motors 
1, 2, 3 Phase 
a. Split Phase 
b. Capacitor Start. 
c. Permanent Split 


1/250 to 1/3 hp. 
1/250 to 1/3 hp. 


Capacitor 1/250 to 1/3 hp. 


Hysteresis to 200 watts 


Reluctance 


Direct Current Motors 


Shunt Wound 1/2 to 3/4 hp. 


Series Wound 1/125 to 1/30 hp 


. Compound Wound.1/12 to 3/4 hp. 


Universal Motors 
1/150 to 3/4 hp. 


Universal Motors 


For the average application the most 
popular motor type is the universal. 
It is designed to operate at approxi- 
mately the same speed and output on 
either direct or single phase alternating 
current, at a frequency not greater 
than 60 cycles, and approximately the 
same rms voltage. 

The universal motor has a 
mutator and brushes similar to a direct 
current motor but generally operates 
at a higher speed. 

Inherent characteristics include high- 
starting torque, high speed, varying 
speed regulation and small size and 
weight for a given hp cutput. There 
are a wide variety of designs and hous- 
ings available to serve applications like 
sewing machines, portable tools, va- 
cuum cleaners, motion picture projec 
and mixers 


com- 


tors, 
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The controlling portion of the circuit consists of the error measuring device, servo controller and 
servo motor. The control portion regulates output power to input power through an error signal. 


From Lecture Notes for Internal Company Use by 
American Machine and Foundry Company. 


Selection Error Measuring Devices 
Servo Motors 


and Operation of Servo Controllers 


Devices used in the make-up of 
the different types of servo sys- 
tems. Principle of operation, 
characteristics, and commercial 


availability. 


ERNEST WALL 
Electronics 
American Machine and Foundry Company* 


Division 


A SERVO SYSTEM is a combination of 
elements for the control of a source 
of power in which the output of the 
system or some function of the output 
is fed back for comparison with the in- 
put and the difference between these 
two quantities is used in controlling the 
power. The three elements of the con- 
trolling portion of the circuit are, the 
error measuring device, the servo con- 
troller, and the servo motor. 

The error measuring device is used 
to measure the difference between the 
actual output and the desired output or 
input. Any difference is sent to the 


*Now with—The 
Canada Ltd. 


DeHavilland Aircraft of 


servo controller as an error signal E. 
The controller actuates the servo motor 
in accordance to some function of the 
error between the actual position of the 
output member and the desired posi- 
tion. The servo motor, depending upon 
the error signal, will either speed up, 
slow down or reverse, thus affecting the 
output member and bringing it into 
balance with the input. 

As shown above each serves a func- 
tional purpose in matching the 
regulated quantity to the reference 
quantity. The error measuring device 


determines when the regulated quan 
tity is different from the reference 
quantity. It then sends out an error 
signal to the servo controller or ampli- 
fier which in turn supplies power to 
the error correcting device or servo 
motor. With this power the error cor- 
recting device changes the regulated 
quantity so that it matches the reference 

The remainder of this article will be 
used to describe the make-up and oper 
ation of these units. It is restricted to 
components of an electrical or electro 
mechanical nature. 


Error Measurin g S ystem 


Error measuring systems usually con- 
sist of a device or devices that measure 
the difference between the actual output 
and the desired output or input. 

Any quantity can be regulated, such 
as voltage, speed, temperature, posi- 
tion, direction or torque. Any quantity 
also can be used as a reference quan- 
tity. The reference quantity sed not 
be the same as the regulated quantity 
provided the proper error measuring 
device is used. For example, it is pos- 
sible to control the end of a turbine 
so that it will vary linearly with outside 
temperature; the speed of the turbine 
being the regulated quantity and the 
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outside temperature being the reference 
quantity. However, most practical prob- 
lems want to match two similar quan 
tities, such as regulated position against 
a standard position or regulated speed 
against a standard 
tion 


speed or accelera 

There are two types of error meas 
uring systems: (1) where the error 
signal is obtained directly and includes 
synchros, É transformers, and mechani 
ind (2) where the error 
signal is obtained by 


cal systems; 
a comp arison ol 
two separate signals and includes po 
tentiometer, differential transformer 
condenser and generator systems 


Hi3 





Synchro System 


Synchro 
Generator 


( /aput ) 


Fig. 1—In a synchro system an error voltage appears 
when generator and control transformer rotors are 


not matched. 


E -Tronsformer 


Synchro Contro! 


Tronsformer 
(Output) 


Stator 


o-c 
Excitation 


Fig. 2—An error voltage appears, in an E trans- 
former system, when the rotor cover unequal areas 
of the stator poles. 


Table I—Partial List of Synchro Type Data Input and Output Devices 


TRADE 

NAME MANUFACTURER 
Autosyn Eclipse-Pioneer Div 
Bendix Aviation Corp 


Telesyn Ford Instrument Co 


Div. of Sperry Corp 
Teletorque 


Kollsman Instrument Corp 


Kearfott Co., Inc 


Ketay Manufacturing Corp. 


General Electric Co 


Lear Incorporated 


Arma Corporation 


Muirhead & Co. Ltd 


Synchro Manufacturers 
Diehl Manufacturing Co 
Reeves Instrument Corp 


Eclipse Pioneer Div 
Bendix Aviation Corp 


Kolisman Instrument Corp 


| 


CHARACTERISTICS 


26 v 400 c, 115 v 60 c, G, M, DG, and CTS 
Angular accuracy 15 min.-1.5° Miniature 
“Pygmy” 26 v 400 c, G, M, DG, and CTS. 


Five different sizes of G, M, DG, DM and 
CTS for 115 v 60 and 400 c operation. Angular 
accuracy 18 min.-3 


26-115 v 400 c, 32-115 v 60 c, G, M, and 
CTS. Angular Accuracy 1 


"Precise Synchros" G, M, DG, and CTS. 26 v 
400 c. Angular accuracy 20 min.-30 min 
"High-Precision Synchros" G and CTS meet- 
ing Bu Ord. specifications, 26 v 400 c. Angular 
accuracy 14 min 


115 v 60 and 400 c, G, M, DG, DM and CTS 
designed to Bu Ord. specifications. Angular 
accuracy 6 min.-1° 


115 v 60 and 400 c, G, M, and CTS. Angular 
accuracy 10 min.-2 


Sub-miniature rotor and stator of 115 v 400 c, 
G and CTS supplied as two separate parts 
Angular accuracy 1 


26-115 v, 60 and 400 c, G, M, DG and CTS 
Angular accuracy 10 min.-3 


50 v 50 c, G, M, DG and CTS. Angular 


accuracy 15 min.-1 


30, 60, 400 and 1000 c units depending upon 
manufacturer. Average angular accuracy 
0.1%. Resolvers may be used to perform the 
functions of a synchro generator and a synchro 
control transformer, but find widest applica- 
tion in servo systems involving trigonometric 
operations. 


28 v 400 c. Angular accuracy 15 min. Can be 
connected to a synchro control transformer 
via a special coupling transformer in an error 
measuring system 


26 v 400 c. Angular accuracy 2°. Can be con 
nected to a resolver in an error measuring 
system. 


Operating, frequency up to 2,000 c. Angular 
accuracy 1 % but over limited angular rotor 
lisplacement (+ 15 Two microsyns can be 
connected together in an error measuring 
system. 


60, 400 and 1000 c. Angular accuracy 1°-1.5 
Used as a control transformer with a synchro 
generator in an error measuring system. Very 
low static friction 


CONSTRUCTION 


Synchro Generator (G). 

Synchro Motor (M). 

Salinet pole single-phase rotor. Cylindrica 
three-phase Y-connected stator 


Synchro Control Transformer (CT). Cylin 
drical single-phase rotor. Cylindrical three 
phase Y-connected stator. 


Synchro Differential Generator (DG). Syn 
chro Differential Motor (DM). Cylindrical 
three-phase Y-connected rotor and stator 


Two phase cylindrical rotor and stator 


Stator winding tapped at 120 and 240 deg 
wound on a permalloy toroidal fo m 
Cylindrical permanent magnet rotor 


Single and two-phase windings on stationary 
non-magnetic core magnetically coupled via 
soft iron vane rotor. 


Four pole stator and a two pole rotor of high 
permeability magnetic steel. Each stator 
pole carries an excitation and an output 
winding 


Single and three-phase Y-connected station- 
ary windings magnetically coupled via alu 
minum vane type rotor and highly perme- 
able magnetic core. 
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Fig. 3—In a mechanical system a displacement ap- 
pears when the input and output positions change. 
Error is designated x in mechanical systems. 


Synchro System 


In the operation of a synchro sys- 
tem, Fig. 1, an error voltage E, appears 
whenever the relative position of the 
synchro-generator and synchro-control 
transformer rotors are not matched. 
The reference position is measured by 
the generator as a magnetic field pat- 
tern that is transmitted to the control 
transformer through the interconnected 
stator windings. If the rotor of the con- 
rol transformer is not exactly 90 deg 
from the transmitted magnetic field 
pattern, E is produced The magnitude 
of E is proportional to the amount of 
rotor misalignment (position error), 
while the direction of the error is given 
by the phase of error voltage E. This 
error voliage appears as a modulation 
on the excitation alternating voltage. 

Characteristics of the synchro sys- 
tem are: (1) high accuracy of control; 
(2) continuous rotation; (3) long op- 
erating life; (4) small driving torques; 
(5) suitable for parallel operation if 
not excessively loaded; and (6) adapt- 
able to remote location of both the 
synchro generator and control trans- 
former. 

The accuracy of synchros are limited 
to the accuracy of winding distribution 
and machining tolerances. A dual sys- 
tem can be used whereby a unity syn- 
chro system sets the approximate posi- 
tion and a high speed or vernier system 
set the accurate position. Table I lists 
commercially available synchro type de- 
vices, with trade names and general 
data. Included in this table are a few 
other electromagnetic devices related to 
synchros that are sometimes used as 
data input and output elements 


E Transformer System 


In operation, this system, Fig. 


q MOTORS, ENGINES AND CONTROLS 


Potentiometer System 


o-c 
Excitation 


Fig. 4—In the operation of a potentiometer system 


an error voltage appears when the arms of the po- 
tentiometer are not matched. 


Table II—Partial List of Commercially Available Potentiometers 


TRADE NAME 


| 


Helipot The Helipot Corp. 


Tinytork 


Spiralpot | G.M. Gianni & Co. 


Microtorque 


Minigang 


Rectipot 


Precision Potentiometer Fairchild Camera 


and Instrument 
Corporation 


High-Precision 


Technology Instru 
Potentiometer 


ment Corporation 


Translatory Potentiometer 


Micropot The G. W. Borg 


Corporation 


Ultra-low Torque Electro-Mec 


Laboratory 


Helical Potentiometer Van Duke 


Instruments 


Linear Motion 


Bourns Laboratories 
Potentiometer 


Multipot Ford Engineering 


Co. 


Precision Potentiometers Gamwell Company 


| MANUFACTURER | 





IMPORTANT CHARACTERISTICS 


Standard high precision, single and 3, 10, 15, 
25 and 40 turn. Servo type mount, “ultra 
precision", single, 3, 10 and 15 turn. 


Miniature single 7/8 in. dia very low starting 
torque, negligible running torque. 


Slide-wire* multi-turn, 


1-20), low-torque low 
inertia, infinite resolution 


Single turn, extremely low starting torque per 
mits its direct mechanical connection to sensitive 
indicating devices such as a pressure gauge 
Jewel bearings. 


Miniature single turn, servo type mount 


Up to 
six units can be ganged together. 


Linear motion (plunger actuated), high accuracy. 


Single turn high precision. Up to 20 units of one 
type can be ganged together. 


Single turn units can be readily ganged by a 
method which permits individual adjustment 
and phasing of each potentiometer. 


Linear motion units with two independent 
resistance elements and takeoffs, but with com 
mon slider available. Up to 15 in. stroke lengths. 


10 turn high precision 


Very low driving torque, long life up to 25,000 
000 complete cycles. 


5 and 10 turn subminiature units, 0.5 in. dia 
case. 


Single and dual linear motion long life 
5,000,000 cycies. 


"Over 


1 to 10 turn standard, and miniature high pre- 
cision. Multipots may be ganged to provide dua! 
units. 


Single turn high precision ganged units available 


* All other potentiometers listed have helical coil type resistance elements. 
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Table III—D-C and A-C Servo Motor Types 


D-C MOTORS 


SERIES—Poor speed regulation and high starting cur 
rents make this motor unsuitable for positional servos. 
Ideal for step-positioning devices. Basically a undirec- 
tional device that requires a switching system for bi- 
directional control. 








SPLIT-SERIES--High starting torques. Motor par 

ticularly adaptable for bi-directional control. It is ; 
: Contro! 

similar to a series motor, but has two oppositely poled f^ 

field windings connected as shown in diagram. voltage 


ARMATURE - CONTROLLED (Shunt - Moderate 
starting torques. Shunt motors used in servos are gen 
erally operated as armature-controlled motors with the 
field winding continuously energized from a constant 
voltage d-c power source. Direction of rotation is reversed 
by reversing the armature current 


FIELD-CONTROLLED (Shunt)—Impedance of the 
fields is usually made high, so that they can be controlled 
directly by vacuum tubes. Armature energized from 
constant current d-c source 


Constont 
current 


~O 





SPLIT-FIELD—tThe split-field motor is especially 
adapted for bi-directional control. High impedance fields 
suitable for vacuum tube or thyration control 


PERMANENT-MAGNET— Characteristics similar to those of a 
shunt motor. No power is used in the field. They are simple and 
light. Their chief disadvantage is that a bad overload may cause 
loss of the magnetic field or shifting of the field poles 


A-C MOTORS 


TWO-PHASE INDUCTION--Two phase stator consisting of two 
distributed windings with their magnetic axes at right angles to each 
other. One phase is called the fixed phase and is continuously excited 
from the reference supply. The other phase is called the control phase 
and is connected to the output of the servo amplifier. The speed (torque 
of the motor is controlled by varying the magnitude of the voltage 
impressed on the control phase. The two stator winding may or may 
not be identical, and if the latter one having the higher impedence is 
used as the control phase. The two stator voltages must differ in phase 
by 90?. The rotor may be wire-wound coil short-circuited upon itself, 
or it may be of the squirrel-cage type, consisting of a number of longi- 
tudinal conductors shorted at both ends. The rotor resistance is made 
high in order to obtain the type of speed-torque characteristics desired. 


DRAG-CUP —These motors have two phase stators. The rotor consists 
of an aluminum or copper cup, which is mounted so that the cup is 
free to revolve in an air-gap between the stator and a cyladrical core. 
The motor torque is developed by eddy currents, set up in the cup. 
The very light aluminum rotors have small moments of inertia giving 
very high torque-to-inertia ratios 


SPLIT-PHASE MOTORS —Similar to the two phase induction motor 
has two stator windings called main and auxiliary and a squirrel cage 
rotor. Although normally it is considered to be a single phase motor, 
it has been adapted by bi-directional servo control applications by 
some manufacturers, as they are relatively cheap 


o— 


SHADED-POLE MOTORS — Relatively cheap reversible 
shaded-pole motors are available for servo applications 


conventional push-pull electronic control circuits, are 
incorporated in their design. The stator winding is excited 
from the reference supply. The rotor is of the squirrel 
cage type 


Control 


oltage cc. 
voltage rony \ SIT L 


Shading coils, which can be separately excited from a T 


Constont 


x Ql 


volfoge 


Control Q 
Macs zie 


sent r 
voltage 


Shading Coils 


CÓ / X007] 
( 


\ / 
iones" 


usually has the rotor coupled to the 
input member while the stator is 
coupled to the output member. There 
is only one position of the rotor that 
gives equal coupling between the 
primary coil C, and the two secondary 
coils A and B. As the secondaries are 
connected in series-opposing, the volt- 
age E is zero for this condition. An 
error voltage appears whenever the 
rotor covers unequal areas of each 
stator pole. When coils A and B have 
unequal voltages induced in them, the 
difference in the induced voltages is E. 
The magnitude of E is about propor- 
tional to the amount of rotor displace- 
ment from its null voltage position and 
the phase of the error voltage depends 
upon the direction of movement of the 
rotor with respect to the stator. 

Characteristics of the transformer 
system are: (1) high accuracy; (2) 
very small in size; (3) long life ex- 
pectancy; and (4) limited motion be- 
tween rotor and stator. 

The accuracy of this type unit is 
limited by the machining tolerances 
and magnetic fringing 


Mechanical System 

In the operation of the mechanical 
error measuring system, Fig. 3, a dis- 
placement X appears whenever the 
relative input and output positions 
change. The input angle 6, is meas- 
ured as an angle by one side of the dif- 
ferential A, and the output angle 6, 
is measured as an angle by the other 
side of the differential B. The differ- 
ence in the two positions rotates the 
middle member of the differential, giv- 
ing à displacement X. The mechanical 
error angle can then be converted into 
an electrical error signal. 

Characteristics of the system are: 
(1) accuracy is limited by the gearing 
backlash; (2) continuous rotation is 
possible at reasonable high speeds; and 
(3) the input and output shafts must 
be located together 


Potentiometer System 

The operation of this system, Fig. 4, 
depends upon the comparison of the 
two signals, A and B. An error voltage 
E, appears whenever the position of 
the moving arms of the potentiometer 
1 and B, are not matched. Potentiom- 
eter A measures the input angle 6,, as 
a voltage and B measures the output 
angle ô, as a voltage 

The characteristics of the system are 
(1) high accuracy; (2) limited mo- 
tion; (3) brush wear limits life; (4) 
can be excited by d-c or a-c voltage 
source; 


(5) the potentiometer can be 
remotely located; (6) low power re- 
quirements; t. output 


| JV 
Reference | 
voltoge 


voltage 


His 
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Fig. 5—The error voltage of the differential trans- 
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Fig. 6—1n the operation of the condenser system an 


former system depends upon the misalignment of the error voltage appears when the arms of the bridge 


two movable cores A and B. 


hanges in discrete steps as the brush 
makes wire to wire contact 

The accuracy of the potentiometer is 
limited by the winding, and multi-turn 
units are used for increased accuracy 
For example, 40 turn units are avail- 
able with accuracies of 0.025 percent 
In general, potentiometers require more 
driving torque than synchros, however, 
they can be supplied, as special units, 
with very low driving torque re 
quirements. Table II is a listing of 
potentiometer manufacturers, giving 
tradenames and general catalog infor 
mation on the standard types available 


Differential Transformer 
System 

Each differential transformer of the 
error measuring system, Fig. 5, con 
sists of two primary coils connected in 
series aiding, two secondary coils con 
nected in series opposing and a mov 
able magnetic core 

The output from the input trans 
former, A, is connected 180 deg out ol 
phase with that of the output trans 
former, B. The difference voltage, E 
is an a-c error signal whose magnitude 
and phase depends upon the amount 
and direction of misalignment of the 
two movable cores that are connected 
to the input and output members 

The characteristics of the system arc 
(1) high accuracy; (2) long life; (3) 
operating frequencies up to 20 kc; and 
(4) remote location of the differential 
transformer is feasible up to a few 
thousand feet 

A number of different types of dif- 
ferential transformers are manufac 
tured. Two of the companies are the 
Automatic Temperature Control Com 


pany, Inc, and the Schaevitz Company 


Condenser System 


In the operation of the condenser 
error measuring system, Fig. 6, an error 
voltage E, appears whenever the ¢ 
arms of the bridge are unbalanced 
Condenser C, measures input angle 4,, 
and condenser C, measures @,, the 
output angle 

Characteristics of the system are 
(1) accuracies of one deg are possible; 
and (2) negligible loading of the input 
and output shafts 


D-C Generator System 
An error voltage, E, appears, Fig 
whenever the speeds of the generators, 


A and B do not match. Generator A 
measures input speed w as a voltage 


and B the regulated speed wo, as a volt 
age. The voltage difference is E 

The accuracy of the system is lim 
ited by: (1) generator accuracy and 


D-C Tochometer System 


) 


(2) commutator resistance. The com 
mutator limits the systems top speed 
1 and B can be remotely located and A 
l4 
I 


can be repiact ] by a battery 


Servo Motors 


In most servomechanisms the choi 
of the type of motor to be used de 
pends upon a number of considera 
tions. Some of the most important are 
(1) power sourci available; (2) type 
of control circuit chosen, in particular 
the choice of the power-control por 
tion of the servo amplifier (3) seri 
ousness of the effect of electrical noise 


generated by the motor on other equip 


ment; (4) effect of environment on 
motor operation and maintenan f 
quired; and (5) the motor characteris 
Í 

s. Based on thé onsideration oO 
hes points a com} son between d 
ind a servo otors can be mad 





Fig. 7—The error voltage in the d-c generator system 
appears when the speeds of the generators 4 and B 


do not match. 
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D-c motors generate commutator 
Vecuum Tubes noise that is objectionable but that can 
be nearly always eliminated by shield- 
ing and filters. A-c motors using slip 
"ees rings are therefore superior. D-c motors 
are usually smaller for the same power 
— output and their starting torques are 
phase higher than a-c motors. 

D-c motors require more mainte- 
nance than a-c motors. For airborne 
application, the d-c motor brush wear 
is excessive at high altitudes unless 
specially treated brushes are used. In 

“ Phose general a-c units are more reliable, 

shifting economical and smoother in operation. 

condenser The important servo motor charac- 
edibus teristics are: 

reference — 

voltage Power rating: The power rating de- 

termines the load that can be driven 
by the servo. 


Torque-voltage: Most servo motors 

develop a torque directly proportional 

Aaii to the control voltage or current. Since 

voltage in a servo, a high motor control volt- 

) age corresponds to a large error signal, 

the motor develops a high torque and 

causes a quicker correction when it is 
most mbi 


Bias 


resistor To mótor 


control 
phase 
Torque-speed: The torque-speed char- 

acteristics of practically all servo motors 

is one of decreasing torque for increas 

ing speeds for a given applied voltage, 

with maximum torque being developed 

at standstill. The effect of the propor- 

tionate decrease in torque with increase 

(B) in speed is the same as would be ob 
tained if viscous friction were present 


. : A in the system. In some servos this con- 
Fig. 8—A two-phase induction motor can be controlled by titutes an important part o£ the servo 
using a vacuum tube amplifier. (A) uses a d-c supply for the d — portant px " 
plates, (B) does not need a d-c supply. camping. 


Torque-to-inertia ratio: the rapid re- 
sponse of servo motors to a signal 
voltage is caused by the combined effect 
of the linear torque-speed characteris- 
tics and the low inertia of the rotor of 
the motor. The ratio of the motor out 
put torque to its rotor inertia is a meas- 
ure of how well a motor will be able 
to follow changes and reversals of the 
Stef control voltages. The higher this 
phase torque-to-inertia ratio, the faster its 
speed of response. The low rotor in- 
ertias are obtained by making the 
rotors long with respect to the rotor 
diameter and by choosing light weight 
materials in the rotor. 


Vacuum Tubes 


Fixed 

phase 

y E B | 
Smoothness: The smoothness of oper 

o-c V ation of a motor is reflected in the 
reference) \ smoothness of operation of the servo 


Phase system. 


Shift 
condenser 


Stall Conditions: In some applications, 
servo motors may be driven against 
limit stops with full voltage applied 
Most of the servo motors manufactured 
are capable of continuous operation 


Fig. 9—A two-phase induction motor of high impedance can 
be controlled by using a vacuum tube amplifier that is smaller 
and less costly than that shown in Fig. 8 above. 
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AC 
OUTPUT 






POWER 
AMPLIFIER 


D-C 
OUTPUT 


SERVO CONTROLLER 


DC 
9 QUTPUT 


The four methods shown are used to convert or amplify a d-c or an a-c input signal to a 


d-c or an a-c output voltage. These are servo controllers. 


Table IV—Partial List of Commercially Available A-C and 
D-C Instrument Type Servo Motors 


—————————————————— 
MOTOR TYPE | MANUFACTURER CHARACTERISTICS 


| — 


l 





T wo-phase | 
Induction 


Diehl Manufacturing 
Company 


60 and 400 cycle, low and high impedance con 
trol fields. 


Eclipse Pioneer Div 
Bendix Aviation Corp 


400 cycle. One type has a copper cup attached 
to the rotor which rotates about a permanent 
magnet, causing a drag on the rotor that is pro 
portional to its velocity and thus provides eddy 
current damping 

Ford Instrument Co 60 and 400 cycle. Smooth iron rotor which has 
no rotor slots and therefore no rotor cogging 
effect. Control field available with a low imped 
ance, low voltage or a center-tapped high 
impedance, high voltage winding. Some types 
have an additiona winding close-coupled to the 
control field which provides feedback voltage for 
servo stabilization. 

Kearfott Company Inc 400 cycle low and high impedance control fields, 
some types designed to Bu Ord specifications; 
low impedance, low voltage subminiature type 
available. 


Ketay Manufacturing 
Corporation 


400 cycle units 
cations, 


designed to Nav Ord specifi- 


Kollsman Instrument 
Corporation 


60 and 400 cycle, low or high impedance control 
fields, many types supplied with two phase 
induction generator in same frame for velocity 
feedback stabilization or velocity servo applica 
tions 

Servomechanisms 


400 cycle, low or high impedance control fields 
Incorporated 


“Damped Control Motors” have drag cup 
attached to motor shaft which rotates in field 
of a magnet. The position of the magnet can be 
screw-adjusted to provide smooth variable vis 
cous type magnetic damping 


Transicoil Corporation 60 and 400 cycle, low or high impedance contro! 


fields 


Drag-Cup Kollsman Instrument | 60 and 400 cycle, high torque-to-inertia ratios 


Corp 


Holtzer-Cabot 
Incrporated 


Split-Phase 60 cycle, high or low impedance windings 


Shaded-Pole Barber-Colman Company 60 cycle, special high impedance shading coils 


for vacuum-tube drive 
Electric Indicator 
Company 


Shunt Direct current, 6-115 voltage ratings 


Holtzer-Cabot 
Incorporated 


Split-Field 28 volt d-c, 4 pole subminiature high impedance 


hermetically sealed split-field. 
Lear, Incorporated 24 volt d-c, integral electromagnetic clutch and 
brake for instant start and stop 


Barber-Colman Company 6-115 volt d-c, meets military specifications as 


Permanent Magne 
gnet to radio interference suppression 


Servo-Tek Products 


| Miniature 6-80 volt d-c, special high altitude 
| Company, Inc. 


brushes. 
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under stalled conditions without over 
heating or additional current consump- 
tion. Usually these motors are mounted 
so that an adequate amount of metal in 
the mounting is available for heat con 
duction. 


Servo Controllers 


The controller actuates the servo mo 
tor in accordance to some function of 
the error between the actual position 
or state of the output member and th 
desired position or state. It includes all 
of the units involved in the conversion 
of the error signal, to a form suitable 
for application to the servo motor. The 
type of controller used 
(1) type of control desired; (2) type 


depends on 


of error detecting system used; and 
(3) type of servo motor chosen. A 
number of manufacturers can supply 
servo controllers (amplifiers) designed 
especially for use with their error meas 
uring devices and servo motors or for 
use with such units of other manufac 
turers. Table V is a partial list of such 
manufacturers with the more important 
amplifier characteristics of the 
pany's design. 

There are many conventional and 
non-conventional designs of a-c and 
d-c amplifiers, modulators and phase 
detectors in general use. The power 
amplifier stage may take many forms 
d some of the most commonly used 
types are discussed They are either of 

variety or the 


"m 


CUI 


the continuous control 
ontactor type. 

The continuous control power ampli 
fiers are: (1) vacuum tubes; (2) con 
trolled generators; and (3) 
umplifiers. 


magneti 


The contactor type consists of: (1) 


on-off contactors; (2) relays; and (3) 


lutches of various types. 


His 










































Vocuum Tubes 


Bios 
vo/toge 


1 o-c exitotion j 


Fig. 10—Two typical power 
amplifier circuits that are 
used to drive a split-series d-c 
motor. Circuit B requires a 
higher grid voltage than the 
d-e cireuit shown in A. 


Constant 
current 
d-c supply 


Fig. 11—To drive a split-field d-c motor the field coils are connected 
directly to the plate circuits of the amplifier. 


Fig. 12—The control of large 
amounts of power with or- 
dinary vacuum tubes can be 
done by using a d-c generator 
to supply the armature volt- 
age for the motor. 


Controlled Generator 


d-¢ Error signal 


Generotor tield---->- 


Continuous Control 


For controlling an a-c two phase in- 
duction motor with a low impedance 
control field, a vacuum tube amplifier, 
Fig. 8, can be used. The control field of 
the motor is connected through an out- 
put transformer to the plates of the 
output tubes. In the single stage ampli- 
fier shown, an input transformer is used 
to obtain a push-pull a-c voltage pro- 
portional to the error signal, that is 

applied to the grids. This a-c reference 

must be in phase with the error meas- 
uring device excitation voltage. The 
condenser across the primary of the 
output transformer tunes the output, 
improving wave shape and efficiency. 
A d-c power supply is required for the 
plates. 

Circuit B operation is similar but re- 
quires no d-c supply for the plates. 

For a two phase induction motor of 
high impedance a vacuum tube ampli- 
fier, Fig. 9, can be used that is smaller 
and less costly than the low imped- 
ance unit. The split control field of 
the motor is connected directly into the 
plate circuits of the push-pull power 
amplifier As will be noticed the out- 
put transformer is eliminated. 

Two typical power amplifiers, Fig 
10, used to drive a split-series d-c mo- 
tor are shown. The top figure is for a 
system with an a-c supply only while 
the other uses a d-c plate supply. 

When using an a-c supply, F, and 
F> are the two oppositely poled field 
windings. The alternating plate volt- 
ages are applied 180 deg out of phase. 
The error signal is applied to the grids 
as a d-c differential signal along with 
a negative bias 

Where a d-c plate supply is used, B, 
the split series motor is connected 
the cathode circuit of the drive tubes 


This type of circuit requires a higher 


Controlled 
generofor 


Servo motor 


d-c 
Field 
excitotion 


Drive motor 
for generofor 
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grid driving voltage than the d.c 
circuit. - 
To drive a split-field d-c motor, Fig 
11, F, and F,, the two field coils, are 
connected directly into the plate cir- 
cuits of a push-pull power amplifier. 
The armature is constantly excited papevascecsur 
from a d-c source. The resistors con- supply 
nected across the motor fields limit the ES o- Comiref 
transient voltages that may appear Siti inis g - winding 
across the winding caused by sudden a-c output 
changes in tube current. voltoge 
A widely used method of d-c motor 
control, Fig. 12, is to use a d-c genera- 
tor to supply the armature voltage for 
the motor while the motor field is ex- (A) 
cited from a d-c supply. The output 
voltage of the generator is controlled 
by controlling its field current by 
vacuum tubes. This system allows the 
high power gain of the control genera- 
tor to control large amounts of power 
with ordinary vacuum tube power 
amplifier circuits. A disadvantage of 
the system is the need of an a-c or 
d-c motor to drive the generator, mak- 
ing a total of three rotating machines 
Also the time lags associated with the 
controlled generator field are often too Control RTT 
large for the type of servo time re- - 
sponse desired. yo 
The application of magnetic ampli- 7 
fiers for the control of servo motors 
is growing steadily. This is because they 
possess certain advantages when com- 
pared to the electronic power ampli- 
fier. The most important of these are: 
(1) power is drawn directly from the - 
a-c source making d-c supply unneces- 
sary; (2) no filment reduced unit 
failure; (3) they require no warm-up 
period; and (4) they are vibration 
and shockproof because of rugged con 
struction 


Magnetic Amplifier 


,"-Primary winding 


Secondary winding 


Phase shifting 
condenser 


00000 
00000 


Q Push-pull a-c error signal 


o-c Reference supply 
<- Control winding 


Fig. 13—A magnetic amplifier that consists of two identical 
saturable transformers is shown at (A). In (B) the transformer 
is used to control a two phase servo motor. 


The simplest magnetic amplifier is 
the saturable reactor that has two wind- Contactor type 
ings, an a-c power winding and a d-c 
control winding wound on a common o-c 
magnetic core. When the power wind- pu 
ing of such a device is inserted between 
a source of a-c power and a load, the 
impedance of the reactor and thus the Synchro 
voltage applied to the load can be generofor — --: 
varied by controlling the d-c current 
thorugh the control winding. As the 
power requirements of the control 
source is less than the controlled power 
supplied to the load, the magnetic 
amplifier is a good power amplifier 
Many of the magnetic amplifiers used 


Synchro 


are of the "self-saturating" type in 
which a selenium rectifier is placed in 
series with the power winding. This 
prevents the core from becoming de 
magnetized by the a-c supply and great 
ly improves the gain and response of 


the magnetic amplifier Fig. 14—The simplest contactor unit is the on-off type. If the 


A very popular type of magneti: input and output shafts are closely located the synchro system 
amplifier is shown in Fig. 13A. It con can be replaced by a mechanical differential. 
sists of two identical saturable trans 
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Relay type 


Servo motor 


Push-pul/ 


signal 


0-C 
nefenence 





Fig. 15—Relays vibrating at the frequency of the reference 
voltage can be used to control split series motor. (B) and 
(€) indicate relay positions when an error signal is introduced. 


Clutch type 





| ^ | — ELE - Output 
| pr A 
a 





Fig. 16—Two magnetic particle clutches in a bi-directional 
control system. Drive motor rotates the input members of the 
clutches in opposite directions. 
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formers. Each transformer has a pri- 
mary winding, a secondary winding 
and a control winding. The primaries 
of the two transformers are in series 
aiding, the secondaries in series oppos- 
ing. Thus, at balance, the output is 
zero. The d-c in the control winding 
saturates the core and reduces the in- 
ductive coupling between the two. 

Using the above amplifier, Fig. 13B, 
B, shows the control of a two phase 
servo motor. The control windings are 
connected directly to the plates of the 
push- pull amplifier. The plate voltage 
is obtained from the a-c line. The out- 
put voltage reverses in phase relative 
to the reference voltage as one of the 
two transformers becomes more satu- 
rated than the other. The phase of the 
error signal determines which trans- 
former will be saturated to a greater 
extent and, therefore, controls the 
phase of the output voltage. The ampli- 
tude of the output voltage is propor- 
tional to the amplitude of the error 
signal. 

A partial list of manufacturers is 
given in table VI, with tradenames and 
general catalog information 


Contactor Types 

The simplest contactor unit is the 
on-off type servo control system, Fig 
14. If a suitable contact-making ar- 
rangement is fastened to its shaft, a 
synchro motor can control a split-series 
d-c motor which drives the load and 
at the same time repositions the stator 
of the synchro motor until a null posi- 
tion is reached by the contacts. If the 
input and output shafts are located near 
one another, the synchro system can be 
replaced by a mechanical differential, 
the output of the differential carrying 
the contacts. 

The use of relays to control servo 
motors is gaining popularity as more 
sensitive and more reliable relays are 
designed. Fig. 15 shows the control of 
a split-series motor where two sensitive 
relays are placed in the plate circuits 
of a push-pull power amplifier. The 
relays are vibrated at the frequency of 
the reference voltage applied and for 
equal currents in the coils (zero error 
signal) the relays make and break in 
unison resulting in a zero net voltage 
to the motor. However, an error signal 
will drive the grid of V, more posi 
tive and that of V, more negative. Re 
lay No. 1 will operate while No. 2 will 
release and the motor rotates in a ccw 
direction. Sketches (B) and (C) illus 
trate the conditions of opposite error 
signals 

There are several varieties of clutch 
type servos, all performing about the 
same. Friction clutches are presently 
used extensively but magnetic fluid and 
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dry particle clutches are now coming 
into general use. (See Power Trans- 
mission.) The chief advantage of the 
clutch-type servo is its rapid response. 
It does not take nearly as long to bring 
an output shaft up to speed by clutch- 
ing it to a running motor as it does 
to start a motor and bring the motor 
up to speed. The torque output of a 
clutch servo is high and the torque-to- 
inertia ratio is roughly 10 to 40 times 
higher than that of a servo motor 
drive. 

The use of two magnetic particle 
clutches in a bi-directional control sys- 
tem is shown, Fig. 16. The drive motor 
is arranged to rotate the input members 
of the two clutches in opposite direc- 
tions. The output shafts of the units 
mesh with the output shaft gear. The 
direction of rotation of the output 
shaft is determined by the polarity of 
the excitation applied to the clutch 
coils, while the torque is proportional 
to the differential excitation of the two 
coils 

Among the manufacturers that can 
supply magnetic particle clutches es- 
pecially designed for servo applica- 
tions are Duncan and Bayley; Lear, 
Incorporated; Raymond Engineering 
Laboratory Inc., Vickers Electric Div. 
of Vickers, Inc., and Eaton Manufac- 
turing Company 

The references, given below, should 
be consulted if more general infor- 
mation is required on any of the in- 
dividual components as to operation 
or other characteristics. Literature from 
the manufacturer listed or others, will 
give more detailed information on 
specific components as to operation, 


haracteristics and unit costs 
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1. S. W. Hurwald, “Fundamentals of 
Servomechanisms, How to Select 
and Apply them,” Product Engi 
1eering, June, 1946 
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Laboratory Series," McGraw-Hill 
Bo yk Co, Inc 

3. I. A. Greenwood, J. V. Holdam, D 
MacRae, “Electronic Instruments, 
Vol 21, MIT Radiation Laboratory 
Series,” Me Graw Hill Book Co, Inc 

í. J. R. Stonall, "Tranducers-Sensing 
Elements for Servos," Electrical 
Manufacturing, April 1950 


T. C. Johnson, "Selsyn Design and 


Application," Electrical Engineer 
ng, Oct 1951 
6. W. J. Deerhake, A. C. Hall, ‘In 


strument Servomechanisms, " Special 
Device Center, distributed by the 


U. S. Dept of Commerce, Office of 


Technical Services 
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Table V—Partial List of Commercially Available Servo Amplifiers 





TYPE 


Push-Pull Vacuum 
Tube Output 


Transformer Output 


Saturable Transformer 
Output 


Magnetic Amplifier 
Output 


Relay Output 


Push-Pull Vacuum 
Tube Output 


Transformer Output 


Transformer Output 


MANUFACTURER 


Avion Instrument 
Corporation 


Industrial Control 
Company 


Keystone Products 
Company 


Magnetic Amplifiers, 
Incorporated 


Minneapolis Honey 
well Aeronautical 
Division 


Reeves Instrument 
Cor poration 


Servo Corporation 
of America 


Servomechanisms 
Incorporated 


CHARACTERISTICS 


Sub-miniature tube, plug-in, 400 cycle; one type 
designed for a-c error input, two-phase induction 
motor control via external transformer; another 
type designed for d-c error input, split-field 
d-c motor control 


60 and 400 cycle, d-c or a-c error input, a-c 
output suitable for low impedance two-phase 
induction motor control, contain necessary net- 
works for servo system stabilization 


“Moto Mag" 400 cycle servo amplifier with 
single vacuum tube demodulator for a-c input 
control of two-phase induction motors 


60 and 400 cycle, hermetically sealed tubeless 
magnetic servo amplifiers, “stabilizer” available 
to allow for stabilization adjustment for different 
gear ratios and inertias, two-phase induction 
motor control. 


400 cycle, a-c error input. two relays in amplifier 
output circuit, for control of split-series d.c 
servo motor 


60 cycle, d-c and a-c error input, high impedance 
two-phase induction motor control, one type 
suitable for dual upeed synchro error measuring 
systems. 


60 cycle, output transformer has a tapped 
secondary winding for proper impedance match- 
ing to control fields of different two-phase 
induction servo motors. 400 cycle, “reluctance 
amplifier" d-c or a-c error input, a-c motor 
control 


60 cycle, compact plug-in unit, a-c input, plug-in 
stabilization networks. 400 cycle, miniature, 
hermetically-sealed, plug-in, meeting USAF 
specifications, a-c input, 60 and 400 cycle units, 
outputs suitable for low-impedance, two-phase 
induction motor control 


Table VI—Partial List of Commercially Available Magnetic Amplifiers 





TRADE NAME 


Saturable Transformer 


Amplistat 


Magnetic Amplifier 


Saturable Reactor 


Magnetic Amplifier 
Power Magnetic 
Amplifier 


Magnetic Amplifier 


Transductor 


Magnetic Amplifier 


Magamp 
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MANUFACTURER 
Eclipse-Pioneer Div | 
Bendix Aviation Corp 


General Electric 
Company 


General Precision 
Laboratory, Inc 


Kollsman Instrument 
Corporation 


Karl-Douglas 
Associates 


Magnetics 
Incorporated 


Magnetic Amplifiers 
Incorporated 


Sperry Gyroscope 
Company, Ltd 
Vickers Electric Div 
Vickers, Inc. 


Westinghouse 
Electric Corp 





CHARACTERISTICS 


Saturable transformer type 400 cycle, especially 
designed for manufactuer's two-phase induction 
motors 


Self-saturating type, 60 and 400 cycle, d-c con 
trol, a-c or d-c output, amplistat discriminator 
available for a-c control, plug-in type 


Saturable transformer type, 400 cycle, designed 
to meet military specifications 


Saturable transformer type, 400 cycle, especially 
designed for manufacturer's two-phase induction 
motors 


Self-saturating type, 60 and 400 cycle standard 
but higher frequency units can be supplied 


Push-pull d-c control, a-c output, 400 cycle 


Saturable transformer and self-saturating types, 
60 and 400 cycle with d-c control and a-c output, 
60 cycle with d-c control and d-c output, mag 
netic demodulator available for a-c control 


Saturable transformer tvpe, 400 cycle 


Self-saturating type, 60 and 400 cycle, d.c or 
a-c control with d-c and a-c output, rectifiers 
supplied separately 


Saturable reactor and self-saturating type, 60 


cycle, d-c control with a-c output, rectifiers sup 


plied separately 
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Torque = 100 x5 
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The Significance of WK’ 
and How to Calculate It 


This article originally appeared in our October 1934 issue. Since that time, 






individual requests for reprints have far outnumbered any article ever published by 


Product Engineering. This demand over a span of 19 years has influenced the editors to bring 


JOHN W. HARPER 
General I 


Company 


WHENEVER 
be used in 


AN ELECTRIC MOTOR 1s to 
an application where it 
must Start or reverse many times per 
minute, one of the first questions asked 
is: "What external inertia, or 
W'K?, referred to the motor shaft? 
Usually this request is met with a blank 
look. While a mechanical 
function, its importance and usefulness 


is the 


it is strictly 


seem to be little known, or if known 
disregarded. Many mechanical design 


ers seem to have trouble in calculating 


this quantity, W'K?, and also seem to 


have confused ideas concerning th 


power required for acceleration. In real 
ity the problem is compar 


paratively simple 
beit kinetic energy 


as tar as 











gl 


‘oft 
/O5 rpm 


fe 





Torque = 50 x 10 


= 500 ib - ff z 500 lb-ft 
500x105 _ 500x105 
5250 — ZH 


=/0 Ap =/Ohp 
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the material up to date and republish it for the new generation of engineers. 





the mechanical designer is concerned 
Every moving body has stored in it 


an amount of kinetic energy propor- 


tional to the product of its mass and the 
its velocity. To increase the 
velocity of a body there must be de- 


livered to it an amount of energy equal 


square ol 


to the difference in the energies pos- 
the body at the final and 
initial velocities, neglecting losses. It is 


SCSSC d by 


evident that when large masses in a 
machine must be accelerated to a high 
velocity in a short space of time, the 
power required may be many times 
greater than that needed to keep the 
machine in motion after the velocity 
has been attained. It is also ev ident that 
changing the mass of the body has 
much less effect on the energy require d 
than changing the velocity of the body 





1—Horsepower values are simply found by knowing the torque and speed of a rotating body. 


n 
50% Iff 
405 rpm 


Torque=500x/ 


= 500 /6-f?t 
~ 500x105 
Horsepower = “5250 ^ 


=/0 hp 












Considering a body of mass M mov- 
ing linearly at a velocity of V ft per 
sec, the kinetic energy of this body ex- 
pressed in foot pounds will be: 

E = \% MY? 


> 


In this equation M represents the 
mass of the body, the unit of mass be- 
ing called a "slug." Numerically, M in 
"slugs' is equal to the weight in pounds 
divided by 32.2 ft per sec, the accelera- 
tion due to gravity. 

With reference to rotating bodies, 
the mass of the body as actually dis- 
tributed around the center of rotation 
is mathematically equivalent, insofar as 
its kinetic energy is concerned, to the 
whole mass concentrated at a certain 
radius K, called the radius of gyration, 
from the axis of rotation. The linear 








Moves s, in 8 min 





40000x66 


Horsepower = -m = /Ohp 
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velocity of the concentrated mass at 
radius K ft will then be 27zKN ft per 
min, where N represents rpm. Dividing 
this by 60 to reduce to ft per sec and 
using W/32.2 for mass M, equation 
(1) then becomes: 


W K? N? 


5,872 


, ft lb 


N 


This is the first appearance of W K2. 
It is merely the weight of the body 
times the radius of gyration squared. 
Since the kinetic or "stored" energy in 
the body is directly proportional to it, 
it 1S commonly known as "moment of 
inertia," although strictly speaking, 
moment of inertia is W K?/32.2. How- 
ever, in developing the most common- 
ly used formulas, the factor 32.2 dis- 
appears or is absorbed in the constants. 
Hence W K? itself remains as a con- 
venient medium of calculation and 
generally known as "moment of in- 
ertia” even though incorrectly. 

The energy as calculated from Eq 
(2) merely represents the input to the 
rotating body itself, and bears no 
definite relation to the input to the 
driving motor during acceleration. It is, 
therefore, less confusing to determine 
the actual torque at the motor shaft 
necessary to accelerate. The input from 
the line will then correspond to this 
value of torque 


Torque Calculations 


This torque can be readily deter- 


mined by considering the angular ve- 


locity of the body. From the experi- 
mentally established physical law, F = 


MA, which states that the force neces- 
sary to accelerate a body is equal to the 
product of its mass and its acceleration, 


the following fundamental equation 
has been derived for T, the accelera- 
tion torque: 

T =10,\|bft 


In this equation, Z is the true moment 
of inertia and is equal to WK?/32.2 
0 is the angular acceleration of the body 
expressed in radians per sec per sec 
and, assuming constant torque, IS equal 
to the final angular velocity o divided 
by the time ¢ required to accelerate 


from rest. Thus, where N is the final 
angular velocity in rpm; 
w 2r N 
0 or 8 — 
t 60t 
Then, substituting in the funda- 
mental equation: 
W K? 2r N 
T l0 
32.2 60t 
or 
W K?N 1 
, Ib ft ) 
308! 


It should be noted here that Eq (3) 
assumes constant angular acceleration 
up to the final velocity of the machine 
Therefore, if the not 
constant but increases or decreases as 
the machine gathers speed, this equa- 
tion will not give accurate results 
Nevertheless, even though the accelera 
tion does vary while the machine is 
coming up to speed, it is possible in 
some cases to make use of this equation, 


acceleration is 
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as will be explained later in the text 

Also Eq (3), as stated above, covers 
the condition of starting from rest. If 
the body had already been running at 
some speed N, and the torque neces 
sary to increase the speed to N, were 
being calculated, the value of N in the 
equation would become (N; N4), 
assuming both speeds to be in the same 
direction. If the speeds had been in 
opposite directions, it would be neces 
sary to use the algebraic differences, or 
the arithmetical sum, in calculating T 
However, rather than do this it is 
preferable to calculate in two stages, 
first from the original speed down to 
zero, and second from zero up to the 
final speed. The reason for this is that 
during deceleration the friction torque 
and frequently the load torque, 
in the retardation; during 
acceleration these torques oppose the 
motor torque. Hence, the 
required in accelerating is 
the calculated T; whereas in decelerat 
ing it is less. Calculating in two steps 
simplifies the computation and mini 
mizes any errors in adding or deduct 
ing the friction and load torques 

At any rate, a glance at Eq (5) im 
mediately that the torque 
necessary to a rotating body 
de pends directly on the value of the 
term WK? on the body's mo 
ment of inertia. Thus, the value 
of WK? is determined, is relatively 
simple to determine the horsepower re 
quired for acceleration, Fig. 1, by mak 
ing use of the familiar equation 


assist 
whereas, 


total torque 
greater than 


discloses 


accelerate 


hence, 
once 


Torque « N 


50.250 


HP z 


Equivalent WK? 

In the above equations the factors 
W'K? and N pertain to the rotating 
body or machine element. Normally in 
the power train of à machine the ro- 
tating parts, such as gears and drums, 
rotate at a different speed than that of 
the driving motor. To calculate the 
torque required to accelerate such a 
system, the WK? of each moving part 
is reduced to an equivalent WK,? about 
a common shaft, usually the motor 
shaft, and then the WK,? of the re 
spective parts are added together 

The WK,? of a rotating part re- 
ferred to the motor shaft is — 
by means of the energy Eq ( thus 
where N,, is the rpm of er motor 
shaft the kinetic energy in the rotating 
part IS l 


W K* N? 


5,872 


W K*, N* 


W K?, W K*(N/N,)* 5 
, the W K,? of 


In other words a part 


H25 
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Fig. 3—The total equivalent WK 
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Gear trains are used to increase or decrease the speed and torque ratio between the motor shaft and the output 


shaft. Thus, a low speed motor with a high torque can produce a lower speed and higher torque at the output shaft 
after passing through reduction gearing. 


running at a speed different from that 
of the motor is the same as the IW K2 of 
that part times the square of the ratio 
of its speed to that of the motor. It 
will be readily seen from Eq (5) that 
with a reasonably large gear ratio be 
tween the motor and the driven ele 
ments the effect of the latter on the 
is minimized—as 
suming of course that the driven parts 
run at a speed slower than that of th 


accelerating torqu 


Lood P 


Drive shaft 
speed No 





MEE cc 
SS 
SS 





motor. If their speeds are higher, the 
accelerating torque is obviously in- 
crease d. 


For example in a motor-driven pulley 

g. 2, running at con- 
stant speed, disregarding frictional 
losses, the horsepower delivered by the 
motor equals that of the output shaft 
But the torque imposed on the motor 
shaft may be greater or less than the 
torque on the output shaft of the train 


gear train, Fig 


of the gear train and rack and pinion must be 
found before the input torque or the output torque can be calculated. 


Lood P 
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Which torque is greater depends upon 
the ratio of the speeds of the shafts 
Where 


H, horsepower delivered by motor 
shaft 
horsepower delivered by output 
shaft 


l = torque on motor shaft, lb ft 
Tə = torque on output shaft, lb ft 
Na speed of motor shaft, rpm 
Ne. speed of output shaft, rpm 
Pola T,N 
B = H 


5,250 5.250 


Therefore the torque T,, at the motor 
shaft that results from a torque T, at 
the output shaft is 


To No 
Nu 


These relations between horsepower 
and the effects of introducing speed 
changes in a drive, such as the use of 
speed reducers, are important consid- 
erations in selecting a motor that will 
produce a desired torque 


Linear Motion 


The above discussion has dealt with 
rotating parts exclusively. In many ap- 
plications there is a combination of 
rotating parts and linearly moving 
parts. Therefore, to determine the ac- 
celerating torque for such combinations, 
t is necessary to reduce the mathemati- 
cal consideration of the linearly moving 
parts to a basis equivalent to that used 
for the rotating parts—consideration of 
the latter generally being based on the 
speed at the motor shaft. 

The linear speed of a concentrated 
mass at radius K ft will be, as stated 
previously, 27K N ft per min, where N 
represents the rpm. Then the energy is 
15 M(27KN)? for the rotating body 














-intermediate shaft B speed Ny 


---Output shaft speed No 
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Circular cylinder — 
about axis at one end 
l«- - D, ft -» 


| 
po 


Circular cylinder — 
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Hollow circular cylinder — 
its own axis 
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Right elliptical cylinder — 
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Table I—WK of Parts 


Radius of gyration, K 
Ft 


0.144 \/ 3D? + 161? 


Weight, W 


w = weight per cu in. 


of material, Ib 


1,360 wD? 


1,360 wLD? 





0.144 4// 3D? - 16L* 7 48dL 7- 48d* 


0.354 \/D,? + D,? 








1,360 wLD? 


1,360 wL [D;? 


D,*] 


5,426 abwL 


170.4 wLD* 
196 wlD? [3D? + 161?) 

196 wiD? [3D? + 16L? + 48dL + 48d?) 
170.4 wL [D;* 


-D,*] 


5,426 abwi E ' | 
4 








0.289. /a +e 


1,728 abew 





= 


144.5 abew [a? + c?] 


— 


0.289 \/a? + 4c? 


0.289 \/a? + 4c? + 12cd + 12d? 
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1,728 abcw 


| 
| 


| 144.5 abew [a? + 4c?] 





1,728 abcw 


144.5 abew [a? + 4c? + 12cd + 12d?) 














Table Il—Approximations for Calculating Moments of Inertia 








NAME OF PART MOMENT OF INERTIA 

















Fly Wheels (not applicable to belt pulleys) Moment of inertia equal to 1.08 to 1.15 
times that of rim alone 














Fly Wheel (based on total weight and out Moment of inertia equal to 2/3 of that of 
1 


side diameter total weight concentrated at the outer 
circumference 























Spur or helical gears (teeth alone Moment of inertia of teeth equal to 40 
percent of that of a hollow cylinder of 
the limiting dimensions 




















Spur or helical gears (rim alone Figured as a hollow cylinder of same limit 
ing dimensions 

















Spur or helical gears (total moment of Equal to 1.25 times the sum of that of 
inertia teeth plus rim 











Spur or heli 





cal gears (with only weight and Moment of inertia considered equal to 0.60 
pitch diameter known times the moment of inertia of the total 
weight concentrated at the pitch circle 











Motor Armature (based on total weight Multiply outer radius of armature by fol 









































and outside diameter lowing factors to obtain radius of gyra- 
tion: 
Large slow speed motor 0.75 to 0.85 
Medium Speed d-c or induc 
tion motor 0.70 to 0.80 
Mill type motor 0.60 to 0.65 
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and %MV? for the linearly moving 
body. Equating these two expressions 
and substituting W'/32.2 for M to ob- 
tain pounds, the equation is 


W A W 

E = Lo - 2r)? K?N? = 15 y? 
32.2 " $2.2 

or 
W K? (2r)? N? = WV? (7) 


Then, referred to the motor shaft, 
the equivalent W'K.? of a part moving 
in a straight line is similarly 


W K?, (2x)? N ,? wy? 


s H l 4 
W K* &) 
39.48 \ 


Equation (8) is valid only when 
the velocity V bears a constant relation 
to the motor speed N, as in the case 
of a rack engaged with a pinion on the 
motor shaft. Conversely, for reciprocat- 
ing parts, Eq (8) cannot be applied 
directly because such parts have a vary- 
ing velocity that attains a maximum in 
one direction, retards to zero, and then 
attains a maximum again in the op- 
posite direction—all, while the motor 
is running at constant speed. In such 
cases, obviously, much more complex 
mathematical considerations are neces- 
sary in order to apply the principle of 
Eq (8), but these are beyond the scope 
of this discussion. 


or 


Combination Drives 


Nevertheless, by the use of Eqs (5) 
and (8), the calculations on all parts of 
a machine, that either rotate or move 
linearly, can be reduced to the mathe- 
matical basis corresponding to the 
speed of the driving motor or to any 
other reference speed. After the sum- 
mation of the W'K?, of all parts has 
been made, the torque required to ac- 
celerate can be calculated from Eq (3), 
and the horsepower from Eq (4). The 
factor N in (3) and (4) is, of course, 
the speed of the motor, or the reference 
speed, since all parts have been re- 
duced to that speed by the summation 
of the part inertias. 

For example, to compute the total 
W'K?, at the drive shaft for the power 
train F 


Whe re 


g 3, shown 








velocity of rack and load, ft 
per min 

1 total W K? of rotating parts on the 
drive shaft 

B total W K? of rotating parts on inter- 
mediate shaft 


lineal 











C = total W K? of rotating parts on final 
shaft 

D WV? of lineally moving rack and load 

Na rpm of drive shaft 

\ rpm of intermediate shaft 


rpm ol final shaft 




















W Kk2, total WK?, referred to drive 


shaft for complete power train 
A+B (N; 
C (N./ Na)? 


WK2, — N.)? + 


+ D/39.48 N?, 


Torque required at the drive shaft to 
accelerate this WK, load from rest 
to a drive shaft speed of N, rpm in / 
sec from Eq (3) is 
WE?, Na 
, lb ft 
308t 
In a machine where the motor is 
coupled directly to the drive shaft, the 
Tm required at the motor shaft to ac- 
celerate the W K2. of the load and the 
W K? m of the motor is 


W A?, WRK?, 


308 t 


When the motor is connected to the 
drive shaft of the machine by a belt, 
the motor having a speed of N,, rpm 
and the drive shaft a speed of N, rpm, 
the torque T,, required at the motor 
shaft to accelerate the W'K?, of the 
load referred to the drive shaft and the 
W'K?, of the motor 
shaft is 


referred to its 


WK, WA2, 


308 1 


In addition to the torque required 
for acceleration, additional torque is 
required to overcome load torque, fric 
tion torques and break-aw ay torques 

Torque at the drive shaft caused by 
load P from Eq (6) is 

T.N 
V 


lb ft 


or at the motor shaft 


T". T \ \ 

Torque that results from the friction 
on parts such as bearings and gears 
windage, and break-away torque caused 
by the static friction of oil and grease 
in bearings, are often large enough to 
be considered. These torques can be 
expressed in terms of equivalent torque 
T",, at the motor shaft by using the 
same procedure as with other torques 

To start and accelerate a machine and 
to overcome load and friction torques, 


therefore, the motor must produce a 


Table III—Weeight of Metals 


Pound per Cubic Inch 


Magnesium 
Aluminum 
Cast iron 
Steel 
Copper 
Bronze 
Lead 


0.0628 
0.0924 
0.260 
0.282 
0.318 
0.320 
0.411 
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torque T on its shaft such that 


iF = 


Radius of Gyration 


It will be seen from the previous 
discussion that WK? has a habit of 
popping up almost anywhere and that 
it is not only convenient but is an al- 
most indispensable tool in the techni- 
cal kit of those interested in determin- 
ing accelerating torques. In fact, before 
any of the foregoing equations can be 
solved, the value of this quantity must 
be determined. The calculation of the 
weight W is simple. The determination 
of K, however, is relatively compli- 
cated. To simplify such calculations, 
Table 1 includes the radii of gyration, 
the weight and the W'K?, for various 
forms of bodies and for various axes of 
rotation of these bodies, 
the illustrations. 

In most practical problems the actual 
rotating body will seldom correspond 
exactly to any one of the forms shown 
here. In every instance, however, it may 
be resolved into parts, each of which 
agrees absolutely or very closely with 
one of the forms in Table For ex 
ample, a spoked flywheel can usually 
be separated into a rim, corresponding 
to Form 


as shown by 


f; spokes, each corresponding 
to Form 3 or 8; and a hub correspond 
ing to Form A. If the flywheel is 
webbed, the web would also correspond 
with Form A. The moment of inertia 
W K? of the wheel will be equal to the 
direct sum of the moments of inertia 
of all the parts as calculated separately 
each about the axis of rotation, 
usually the center of the shaft. Each 
separate calculation will simply be the 
weight of the particular part being con 
sidered multiplied by its radius of gyra- 
tion squared. In ordinary calculations 
the radius is always taken in feet and 
the weight taken in pounds, 
otherwise spec ified 


same 


unless 


In many instances it is not necessary 
to calculate each individual part 
exactly. If the flywheel has a heavy rim 
and is relatively large in diameter, it is 
usually sufficient to calculate the rim 
and then add a percentage for the 
spokes and hub, since they are lighter 
and are nearer the 
have a lower K. In the case of motor 
armatures, calculations without actual 
design data are usually based onlv on 
the weight and outside diameter. Table 
II gives values for K which are suit- 
able for approximate 
Table III and Fig. 4 can also be used 

In arriving at approximate figures 
for the moments of inertia, the man 
ner in which short methods involving 
coefficients and ratios should be used 
should depend on the later use which 
is to be made of the values so deter- 


center and hence 


calc ulations 
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mined. In a mill table, for example, the 
energy stored in the rollers and the 
other rotating parts serves no useful 
purpose, but is a necessary ev il incident 
to the use of heavy moving masses. For 
such an application, it is always con- 
servative to over-estimate rather than 
under-estimate the moments of inertia 
On the other hand, where a flywheel 
is used for reducing the peaks, in which 
case the moment of inertia of every part 
is useful, conservatism requires that in 
the consideration of this useful effect 
of the flywhee! and other rotating parts 
the amount of inertia should be under 
estimated rather than over-estimated 
But, in this same application, when it 
comes to estimating the power required 
to start from rest in a given time, or 
the capacity of controller required for 
starting, the moment of inertia should 
be over-estimated rather than under 
estimated 

Now, having found out what a 
highly important part the moment of 
inertia plays in problems involving 
acceleration and having discussed ways 
for determining this value, there are 
certain practical points to be considered 
The two factors making up this quan 
tity are weight Since the 
latter enters the problem as a 
squared quantity, increasing the radius 


and radius 
into 


has a greater effect on inertia than in 
creasing the weight. Doubling the 
weight, for example, merely doubles 
the inertia, provided the radius remains 
the same, but doubling the 
while the weight remains constant 
increases the inertia four times. Hence 
in designing high-speed parts to be 
started or reversed frequently it 1s of 
first importance to keep their diameters 
small; next, to make them as light in 
weight as possible 


radius 


Even though high speed may not be 
involved, should the number of re 
versals or starts exceed, say, eight or 
these same factors should 


conside re d 


ten per min, 
be carefully 


Influence of Speed 


To calculate torque and horsepower 
another factor is encountered 
It can be seen from Eqs (3) and (4) 
that in determining the horsepower to 
accelerate a mechanism the inertia fa 
tor enters into the calculation only onc 


spe ed 


but the speed is there twice, or as a 
squared quantity. Thus, 
value of W K? should be kept low. it 
does not usually cause as much troubl 
as high speed. Often the importance of 
this point is overlooked by designers in 
laying out a drive 


though thé 


which starts or re 
To have 


least 


verses frequently a mechanism 
expenditure of 
energy, the speed of its parts must b 
kept at the minimum 


Frequently 


reverse with the 


notor manutacturers re 
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TORQUE DETERMINES PHYSICAL SIZE OF MOTOR 


Fig. 5—The torque of a motor is fixed 
by its mass or size for speeds greater 
than 600 rpm. Hence, higher speeds 


FRAME 225, TOTALLY produce greater horsepower for the 


INCLOSED, FAN-COOLED 


1200 rpm 
2 horsepower 


3 horsepower 


same size motor. 


3000 rpm 
5 horsepower 


1800 rpm 


TORQUE PRODUCED BY FRAME 225 


ceive mo 


requ 
tors that 


iests to supply reversing 
are to run at 1,800 rpm. It 
is usually more desirable to use n 
running at 900 rpm or not more than 
1,200 rpm. The horsepower necessary 
to accelerate the 900 rpm motor is only 
lf, of that required for the 1,800 rpm 
motor plus what may be required to 
take care of the somewhat greater WK? 
of the slower-speed motor. Usually th 

from the reduced speed is 
greater than the from in 
WK?. However, with the use of the 
slower speed, the external inertia, as 
suming change, becomes a bigger 
the total. Actual calcula- 
frequently necessary to arrive 


lOtOrs 


gain much 


! 
loss reased 


no 
percentage ot 
tions arc 


ie proper 


combination of 
of the 


motor 


Spt ed 


t 


speeds is 600 Ib and 


DOSES IS essentialh v constant 


Horsepower r 


naximum sp 


12 x 2.000 600 


23.000 
Horsepower re 
| 


verse 1s 


HUU 


33.000 


H30 


Instead of using one 5 hp adjustable 
speed motor to drive both feed and 
traverse, it would be much more eco- 
nomical and satisfactory for the de 
signer to use a 1/3 hp adjustable speed 
motor for the feed, and a one speed 5 
hp motor for the traverse. A 5 hp ad- 
justable speed motor would cost more 
than a 1/3 hp adjustable speed motor 
plus a 5 hp one speed motor 

In addition, a 5 hp adjustable speed 
motor would have a smaller speed 
range than a 1/3 hp adjustable speed 
motor. 

In connection with reference to 
Eq (5) will bring out another point in 

gard to When finding the 
equivalent inertia of rotating parts, the 
square of the speed also enters into the 
calculations. Hence, if there is to be 
| gear train between the motor and th« 
lriven parts, it is advisable to make 
the reduction next to the motor as 
t as possible. In this way it is frc 
to disregard the iner 
of all parts beyond the 
1 reduction. For example, 
idjacent the 
with no further reductions 
vthing bevond the motor 


lf has only on 


this, 


speed 


"ré 
1 


juently possibl 
perhaps 


rst or secon 


LOI to 
tor and 
shaft it 
h the effect on 
total inertia that it would have were 


sixteent 


Importance of Light Weight 


Of course, on rapid reversing jobs, 


the motor shaft, such as 
r pinions, should be kept 


parts ot 
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as small as possible. Too, the use of 
aluminum or aluminum alloys is often 
desirable for high-speed pulleys and 
sheaves. One example will illustrate. 
In a certain motor applic ation the mo- 
tor was burning up far too frequently. 
In checking up on the trouble, it was 
found that the motor had to start and 
stop many times each minute. Further, 
with only about a 2:1 reduction, next 
to the motor, the pinion was almost 
as large in diameter as the armature 
and was a solid disk. By increasing the 
reduction ratio and using a smaller, 
light-weight pinion, the difficulty was 
eliminated 


Motor Selection 


And now we consider what appears 
to be a paradox. In certain applications 
where motors overheat on rapid-revers- 
ing or frequent-starting cycles it is pos- 
sible to remedy the trouble by putting 
in smaller motors. This is due to the 
fact that in very many cases the inertia 
of the motor rotor is the biggest factor 
in the acceleration load. For this rea 
son, a specification by a machine de 
signer of the horsepower required for 
a reversing job, when he has not ac- 
tually calculated the inertia, means 
very little. Unless the actual working 
portion of the cycle very 
great load, most of the work done will 
very likely be in reversing the motor. 
Hence to call for a 3 horsepower mo- 
tor, just because it is bigger and, it 
would seem, ought to be better 


im iposes a 


fe r 
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the cycle, when two horsepower is 
enough, defeats its own purpose. In 
calling for a motor for a reversing 
cycle, it is, therefore, much better to 
specify the inertia of each part of the 
machine, or the equivalent inertia at 
the in-driving shaft, and the speeds, 
together with the loadings, over the 
cycle. Then, from this information it 
is possible to pick out the motor which 
has the best torque characteristics for 
the job. 

For example, a 2 hp two-speed mo- 
tor (1,800/900 rpm, single winding, 
open frame, continuous duty, frame 
size 225) was used to drive a grinder 
feed. This motor became too hot and 
the windings burned out. The me- 
chanical designer decided the motor 
was deficient in horsepower. Since 
space was limited, the designer's so- 
lution was to substitute a 3,600/1,800 
rpm, two-speed 3 hp motor using the 
same frame. With the higher speed 
motor, burnouts were worse than be- 
fore 
Investigation revealed: 

1. Motor was stopped and reversed 
by plugging at rates as high as 25 times 
per min. Also on some cycles the mo- 
tor speed was changed as frequently 
as 10 to 15 times per minute 

2. Torque required for operation 
was about 0.7 Ib ft. This torque was 
essentially constant at all speeds. 

Substituting a motor having the 
same size frame and twice the speed 
was not a correct solution, because the 
higher speed motor has a lower torque 
speed curve, that is, the area under the 
curve is smaller. The acceleration 
torque delivered by the motor, there- 
fore, will be less 

When a motor is plugged from one 
direction to the reverse, the heat gen- 
erated in the motor is approximately 
four times that generated in starting 
The heat generated depends upon a 
motor design ratio factor. 

It was evident that high tempera- 
ture resulted not from running load, 
but from inrush current at starting, 
plugging and speed change. Since a 
motor frame Fig. 5, produces constant 
torque, the frame 225 will produce 
practically the same torque at lower 
speeds 

The losses resulting from the inrush 
current could be calculated, but the 
cycles were so different that the answer 
would be indefinite. The practical so- 
lution was to build a 900/450 rpm 
motor and rate it 34 hp, and to make 
suitable pulleys and belt changes to 
obtain correct final speed. This motor 
produced 414 Ib ft torque at the high 
speed. Test proved this motor satis 
factory. 

Later tests proved that a frame 204 
gave about l4 hp, or about 114 Ib ft 


torque at 900 rpm, which was ample 
Lower speeds lowered inrush current 
and also resulted in a lower WK?. 

In most cases the speed of the motor 
is higher than that of the rest of the 
mechanism. In some few instances the 
reverse is true, and the motor speed 
is less. In such an application a knowl- 
edge of the inertia of each part is of 
the utmost importance. A 2:1 increase 
in speed means that the inertias of the 
higher-speed parts must be multiplied 
by four to place them on an equal basis 
with the motor. While in themselves 
they may not amount to much, such 
multiplications soon bring the external 
inertia up to, or in excess of, that of 
the motor. As a result, the power for 
accelerating both motor and load may 
be of considerable magnitude. 

Having found the horsepower re- 
quired, having made whatever assump- 
tions were necessary, and having taken 
all factors into consideration, it then 
becomes necessary to select the proper 
type of motor. The actual determina- 
tion of horsepower can be made by the 
machine designer, but the selection of 
the type of motor is properly the func- 
tion of some one familiar with motor 
characteristics and design. 

The four principal types of squirrel- 
cage induction motors are as follows: 
(a) Normal torque, high starting cur- 
rent; (b) Normal torque, low starting 
current; (c) High torque, low starting 
current, low slip; (d) High torque, 
high slip, relatively low current. A com 
parison of the torque-speed curves is 
shown in Fig. 6 for these motors and 
for d-c motors with full voltage (e) 
and (f) a resistor step starter 


300 7 


co 
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The first two are considered general. 
purpose motors and usually are suitable 
for a limited number of reversals per 
minute or for not-too-frequent start- 
ing. When the starting service is se- 
vere, with heavy inertia loads to ac- 
celerate, type (c) is applicable. It also 
finds use for moderately frequent re- 
versal when the running load between 
reversals is appreciable. The fourth, 
type (d), finds its widest use where 
heavy starting loads are encountered 
and where the running load is low, for 
instance on valves, or on moving tool 
heads or carriages of machine tools. It 
is also widely used on reversing appli- 
cations where the number of reversals 
is very frequent, and where the major 
portion of the load is occasioned in re 
versing the motor rotor itself, with lit- 
tle actual running load. This type of 
motor, because of its high slip, is also 
admirably adapted to machines such as 
punch presses, for it can slow down 
under load and allow the flywheel to 
give up some of the kinetic energy 

The selection of the motor charac- 
teristics and design are properly with- 
in the province of the motor man once 
the machine designer has established 
the horsepower required to give the 
rate of acceleration desired. Too often, 
this information is lacking, and any 
recommendations made under the cir 
cumstances can, at best, be only ap- 
proximations. The remedy is simple 
the mechanical engineer will make the 
calculations, outlined above, and in- 
clude with his request for motor rec 
ommendation, the answer to the ques- 
tion: "What is the external inertia or 
W' K?, referred to the motor shaft?" 
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n. 


Per cent full lood torque 


(a) Normal torque, high starting current 
(b) Normal torqueé,/ow starting current 


(c) High forque,/ow starting current, low slip 
(d) High forque,high slip with relafively low storting current —— 
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Fig. 1—Typical torque and horsepower curves for (A) in- 
dustrial engine and (B) high speed engine. At 2,000 to 


Selecting 












Small Air Cooled Engines 


- How operating conditions affect torque and horsepower capacity 


* Types of drives - Methods of mounting - Design features to check 


A. F. MILBRATH valve seat inserts should be used to in 
sure long life 
V President and ¢ Eng 10. Valve rotators are also of con- 
Wisconsin M Corporation 


siderable value in prolonging valve 


internal life, and with Stellite valves, 


t» ) - 

WHEN SPECIFYING an con | , consti 

bustion engine for equipment drives tute an excellent combination for heavy 
these factors should be considered Servi 

Engines should have sufficient 11. An experimental test installa 

pacity to insure a factor of safety of tion is strongly recommended before 


final specification 


(4 S mer nt 
ercent 
I 


Between high Of course, the problem varies some 


and low speed er 
But while this 


gines, the latte ve longer life, b what with engine typ 
on Rm E article discusses caly t-cycle air-cooled 
3. In take-off couplings, the flexible gasoline engines, many of the same 
ypes are to be preferred principles apply to engines in other 
4. A clutch is desirable, especially classifications 
n heavier equipment, to disconnect Selecting the Proper Engine Size 
the load and to make engine starting : 
eae Exclusive of aircraft, air-cooled en 
In ot s where the air is gines are usually applied in size 
oaded with dust or chaff, cooling ait ranges from about 1 to 30 hp Larger 
ntake screens should be used engines are being built and, depending 
A oil-bath tyt uir clear on the inherent cooling characteristics 
should always | used ahead of of th equipment, performing satisfac 
bureto rily However, the bulk of appli- 
7 Engu mountings should ations are on equipment requiring 
wefully designed and located, so as about 30 hp or less. The smaller en 
to avoid vibratiotr gines up to about 8 or 9 hp are usu- 
8. Th should be a free flow of illy single cylinder types; from 8 to 
oling air to the flywheel fan inlet 15 hp, two cylinder engines are preva 
ind Ic the hot a out! Í th lent while above 15 hp, four cylin 
ngine, and recirculation of the hot ler models are commonly used 
E! v the flywh st | irefully Within these ranges, air-cooled en 
oided gines have several inherent advantages 
Ii the opx S tinuous and they are light, with weight varying 
h Stellit haus lves from around 14 to 20 Ib/hp for a 
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typical single-cylinder engine operating 
at 2,600 rpm to about 12 to 15 lb/hp 
for a typical 4-cyinder unit running at 
1,800 rpm; auxiliary power require 
ments are low, since there is no radia- 
tor fan or water pump; there is no 
danger of the engine boiling or freez- 
ing, and no maintenance on fan bear- 
ings, belt, or water pumps; and first 
cost 1S low. 

In selecting an engine of this type, 
the initial determine the 
horsepower re quirements of the driven 
load 

On equipment of entirely new de- 
sign, it is often difficult to ascertain 
the amount of power necessary. In such 
instances, a 


step is to 


rough estimate of the 
horsc power range IS made and one or 
more sample engines bracketing the 
range obtained for use on experimen- 
tal models of the equipment. In other 
applications, it is possible to calculate 
the torque required, from which the 
horsepower can be easily determined 
Or, as ts not uncommon, the new piece 
of equipment may be another size in 
a line In this case, the 
power determination can be made on 
a proportional basis 


of machines 


Less frequent though none the less 
important is the occasion when it is 
desired to change the source of power 
from an electric motor to a gasoline 
Electric motors are rated on an 
entirely different basis than are com 
bustion engines. Most electric 
will develop 25 percent power 
than their rating during a period of 


engine 


motors 
more 


one or two hours, and, for short pe- 
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riods, may carry 50 percent overload. 
Gasoline engines, on the other hand, 
are rated at the maximum power that 
a new engine will develop on a dyna- 
mometer test conducted at an ambient 
temperature of 60F and a sea level 
barometric pressure of 29.92 in. of 
mercury. For every 10 F rise in tem- 
perature, there will be a reduction in 
power of one percent, and for every 
inch drop in barometric pressure, there 
will be a 3.5 percent loss. Also, for 
every 1,000 ft of altitude, a power 
loss of 3.5 percent takes place. Thus, 
for average atmospheric conditions, 
the actual power of a gasoline engine 
is about five to seven percent less than 
the standard rating. If altitude is a 
factor, the loss is appreciable, reach- 
ing a figure of 35 percent at 10,000 
feet. 

Also, in keeping with good indus- 
trial practice, a gasoline engine is not 
generally operated continuously at 
maximum output, so that there is a 
factor of safety in the form of reserve 
power. Most engine manufacturers 
recommend that this factor be 20 to 
25 percent below rated power. If the 
latter figure is assumed, the recom- 
mended operating horsepower for con- 
stant duty becomes 75 percent of the 
standard rating. Actually, duty cycle 
varies with different applications. (See 
Table I) 

To illustrate the procedure for con- 
verting from electric to gasoline en- 
gine power units, consider a machine 
that has been equipped with a 10.0 
hp electric motor. As discussed above, 
this motor can deliver 10.0 plus 25 
percent or 12.5 hp for short periods 
On the basis that the gasoline engine 
is to operate at not over 75 percent 
of its rating, the replacement engine 
should have a rating of 12.5/0.75, or 
16.7 horse power 

In general terms, the gasoline en 
gine should have a rating at least 67 
percent greater than the electric motor 
it replaces. This applies to both air 
and liquid cooled engines for sea level 
operation under standard atmospheric 
conditions. If the application is at alti- 
tude, a further allowance must be 
made, resulting in some instances, in 
an engine having twice the power rat- 
ing of the electric motor 


Engine Speed and Torque 

Once the power requirements of a 
design are known, the next considera- 
tion is engine speed, which is closely 
related to the horsepower and service 
life. The larger engines with their in 
reased bearing surfaces and lower 
speeds, naturally require less frequent 
servicing and give longer, more 


trouble-free life than the smaller, 
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Flonge coupling 























Fig. 2—Power take-offs for 
air-cooled engines. Fluid 
couplings also are used to 
cushion shock loads or to 
permit gradual accelera- 
tion of high inertia loads 
in some specialized appli- 
cations. 
















































































Reduction gear without clutch 























































Manually engaged clutch 






high-speed engines of the same horse- 
power rating. The initial cost of the 
larger engine is greater but more fre- 
quent servicing can easily bring the 
cost of a smaller engine up to that of 
the larger one. Conversely, the smaller, 
higher-speed engine has advantages 
where lighter weight and smaller in- 
stallation dimensions are important, 
as well as relatively low first cost. 

Torque is, of course, closely asso- 
ciated with speed. For most installa- 
tions, an engine with good lugging 

ower is desirable, and in some cases, 
essential. This is especially true in 
tractors, harvesters, and hoists, where 
the load frequently increases consider- 
ably above normal. If the character- 
istics of the engine are such that the 
torque will increase with reducing en- 
gine speed, the tendency for the in- 
creasing load to reduce engine speed 
is resisted and the engine will “hang 
on." In short, it will have good lug- 
ging qualties, as indicated by Fig. 1 
(A). If the normal operating speed 
of the engine is 2,000 to 2,200 rpm, 
the maximum lugging properties will 
result. 

If however, with this same curve, 
the normal operating speed of the en- 
gine is held at 1,400 rpm or below, 
stalling of the engine may occur easily 
when the load is increased. Such an 
increase will cause engine speed to 
reduce, resulting in a decrease in 
torque and causing a further reduc- 
tion in speed until the engine finally 
stalls abruptly, unless the load can be 
quickly released. In Fig. 1 (B) are 
performance curves of a typical high 
speed engine with maximum power 
output at top speed. The torque curve 
in this case is flat and the engine is 
not as desirable for agricultural or in- 
dustrial type installations 

The question often arises as to what 
engine speed will provide the best 
cooling. The velocity and volume of 
cooling air delivered by the combina 
tion fan-flywheel vary directly as en 
gine speed. Since horsepower increases 
less rapidly than engine speed, espe 
cially in the upper ranges, there is 
more cooling air available per hors: 
power at higher speeds than at lower 
speeds. Also, the more intense scrub 
bing action of the higher velocity air 
against the cooling fins is a further ad 
vantage in favor of the higher engin: 
speeds 

Cooling requirements, of course, 
vary with different applications, and 
are dependent on such additional fa 
tors as ambient temperature, duty cycl 


nd engine location 


Type of Drive 
The selection of the type of drive 
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between engine and driven equipment 
brings up a number of coniledies. 
(See Fig. 2). There are various direct 
drive applications where the engine is 
provided with a crankshaft extension 
suitable for mounting a flange coupl- 
ing, a flexible coupling, a sheave or 
pulley for V-type or flat belts, or a 
sprocket for a chain drive. 

A plain flange coupling is the least 
desirable of the above power take- 
offs, as great care is necessary in 
alignment to prevent binding of bear- 
ings. Even if a perfect job of align- 
ment is made originally, springing of 
the base on which the engine and 
equipment are mounted might occur. 
This applies also to equipment hav- 
ing an overhanging shaft that must be 
supported by an outboard bearing. 
Such a bearing must be carefully 
aligned on a rigid base on which the 
engine is also mounted. Flexible 
couplings or belt drives eliminate this 
alignment problem. 

In many instances a clutch is re- 
quired between the engine and equip- 
ment so that the power may be en- 
gaged or disengaged at will. A manu- 
ally engaged clutch is the most com- 
mon type in use on agricultural or in- 
dustrial equipment. The housing for 
such a clutch is bolted to the end of 
the crankcase and centered by a pilot 
fit. On the end of the clutch shaft, 
the same methods of take-off may be 
used as mentioned above for mount- 
ing directly on the crankshaft. 

Where automatic engagement and 
disengagement are desired, a centrifu- 
gal clutch may be used. These clutches 
can be furnished to engage at any 
speed between 500 and 1,200 rpm and 
the load pick-up is smooth and gradu- 
al. Typical applications for such 
clutches are refrigerating machines 
with thermostatic control for the start- 
ing and stopping of the engine. 

Clutches also make starting of the 
engine easier. It is often impossible 
to start an internal combustion en- 
gine rigidly connected to the load. 

An exception and an excellent ap- 
plication of direct drive equipment is 
the centrifugal water pump, where the 
pump housing is centered and bolted 
to the crankcase of the engine, the 
impellor is mounted on the crankshaft 
extension and finally the pump cover 
bolted in place. Another is the direct 
mounted generator, where the field 
frame is mounted through an adaptor 
housing to the crankcase and the arma 
ture is mounted on the crankshaft ex- 
tension. In these applications, the 
equipment runs at engine speed 

There are many applications where 
a speed reduction between the engine 
and machine is necessary. If the reduc- 


Table I—Duty Ratings 


Key: 1—Continuous Duty 
2—Intermittent heavy duty 


3—Variable load duty, heavy 
4—Variable load duty, light 


INDUSTRIAL SERVICE 


1—Standby units 

3—Air compressors 
3—Floor sanders 

4—Shop trucks and welders 


MUNICIPAL SERVICE 


3—Street sweepers and flushers 


3—Sanitary pumps 
3—Pipe thawing rigs 
4—Diesel starting units 


MINING 


3—Horizontal & diamond drills 


3—Rocker shovels 


Lood, percent 








(A)—Continuous Heavy Duty 


tion. i$ not too great, it may be ac- 
complished by belt drive, but often a 
gear reduction is preferable. Gear re 
ductions can be furnished in ratios 
up to 4 for the larger engines, and up 
to 6 for the smaller sizes. Many of 
these reductions can be furnished in 
either enginewise or counter-engine 
wise rotation, and either with or with- 
out clutches. Some can also be assem 
bled to the engines with the take-off 
shaft offset in either one of several 
directions 


Design Features 

There are many design or construc- 
tional features that can be specified for 
an air-cooled engine, but perhaps the 
most important of these can be sum 
marized as follows: 

Open or enclosed units. The open 
engine is used on a great many in- 
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RAILWAY MAINTENANCE 


3—Tampers 
3—Tie adzing machines 


3—Railway maintenance cars 
3—Rail grinders 


OIL FIELD EQUIPMENT 


1—Well drills and pumps 
1—High pressure pumps 
2—Pipe wrapping machines 
3—Pipe straightening machines 





(B)—Typical Intermittent Heavy Duty 


for Combustion Engine Application 


2—Conerete cutters 
3—Graders 








y 80% load | 


HE 








Lood, percent 








stallations, especially on agricultural 
equipment. It has the advantage of 
accessibility and the free exit of the 
cooling air from the engine 
However, there are many installa- 
tions where the house-type unit is 
preferable. For instance, on contractor's 
equipment which must left 
unattended on streets or building proj 
lock up the 
tampering. Also, 
mounted on such 
conveyors ofr ele 


often be 


advisable to 
prevent 
engines are 
belt 
vators, protection to the engine is pro- 
vided against falling sand, gravel, and 
coal. When operating house-type units, 
the side doors or panels should al- 
ways be removed to allow free exit of 
the cooling air 

Air Cleaners. All engines should be 
equipped with efficient air cleaners 
The oil bath type cleaner is recom- 


enm E B 
units to 
where 
machines as 
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(C)—Typical Variable Load—Heavy 







1—Irrigation pumps 

3—Combine harvesters 
3—Hay balers, tractors 
3—Insecticide sprayers 


3—Weed cutters 3—Rotary tillers 
4—Rail leveling machines 3—Potato harvesters 
3—Mowers 
HIGHWAY MAINTENANCE S- Spenden Saitua 
1—Road rollers MARINE 
1—Bituminous sprayers 1—Lighthouse units 


1—Water oxygenation units 
3—Inboard marine engines 
3—Underwater weed cutters 


CONSTRUCTION MACHINERY 


1—Centrifugal pumps 
2—Concrete mixers 


3—Conerete vibrators 
3—Conerete surfacing machines 


780% load —— 














mended, and greatly prolongs the life 
of the engine. In dusty operations, such 
as agricultural installation, a pre-clean 
er located fairly high so as to be above 
the heavy dust level will greatly re- 
duce the frequency of the servicing 
operations on the main air cleaner. 

Cooling Air Intake Stacks. Where 
there is considerable chaff, grass, straw 
or similar material in the air, means 
must be provided to prevent it from 
entering the cooling system and clos- 
ing the air passages or cooling fins 
This is done by installing an intake 
stack at the combination fan-flywheel 
opening in the air shroud. 

A circular rotating screen attached 
to the crankshaft of the engine in front 
of the flywheel opening is sometimes 
used instead of an intake stack 

Valve Rotators. To further reduce 
the frequency of valve servicing, sev- 


Product Engineering — 1954 Annual Handbook 


CONSTRUCTION 





4 MOTORS, ENGINES AND CONTROLS 


MACHINERY 
(Cont.) 


3—Diaphragm pumps 
4—Hoists and power saws 


SPECIALIZED SERVICE 


l—Airport service units such as 
air compressors, hydraulic 
pumps and generators 

1—Weed burners 

2—Refrigerated trucks 

2—Paint sprayers 


2—Portable fire fighting equip- 
ment 


3—Miniature railways 


3—Water purification units for 
armed forces 


3—Cable reelers 

3—Lawn mowers and rollers 

3—Post peelers 

3—Portable showers for armed 
forces 


i 
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(D)—Typical Variable Load—Light 






eral types of valve rotators have been 
developed in These de 
tion of the valve 
during the time the valve is lifted off 
its seat by the 


recent ears 


vices cause a slow r« 


camshaft, so that each 
time the valve seats, it is in a new po 


sition. This movement 


tends to make 
the valves wear uniformly and also 
retards any build-up of lead and car 
bon deposits on valve seats 

There are two leading types of ro 
tators, the positive ind the frec type 
In the first, as the name implies, the 
mechanism positively rotates the valve 
in the latter, the spring tension 
on the valve is released when the 
is lifted, so that the may turn 
freely. Both add life 


and when especially hard service is ex 


W hile 
valve 
valve 
greatly to valve 
pected from engines, Stellite or similar 
valves with rotators are well worth the 
additional cost involved 
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Seven different speed sensing elements 





lbs: Abia ii ak aa a a How three main kinds of governors work: 
widely used type. Sketches show significant parts and how 
the unit reacts when subjected to speed changes. 


MANY DIFFERENT KINDS of governors—mechanical, hy- is connected to the throttle valve. Increasing speed increases 
l l used on internal combustion en the blast, causing the vane to pivot and close the throttle 
gines serving as pi movers. Fach includes at least two There are certain obvious limitations to such a unit. Force 
S j sensing element, and a device to output is small, therefore accuracy depends on friction and 
The accuracy of speed control pos nertia of the moving elements. Also, the forces on the vane 
sible with a g rnor d nds on the sensitivity of the vary with the velocity of air, which is not a precise function 
s ]-sensit nt f engine speed, and the barometric conditions of tempera 
] | Fig. 1, is 1 to cor | the 

ngines su h as those powering lawn mow 0 Additonal material tee this asticle was sunslied by he Weed. 

ers. A flat vane placed in the air blast from the cooling fan = ward Governor Company, Rockford, Il = 
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EDGAR J. KATES 


Consulting Engineer 


for Internal 
Engines* 


to measure output of prime movers. 


Mechanical, Hydraulic, and Isochronous. 


ture, pressure and humidity. But for applications that re- 
quire inexpensive control to a rough approximation, the 
vane type sensing element is adequate. 

More accurate control is possible with a variety of de- 
vices that produce an output force more directly dependent 
on engine speed 


Hydraulic. One such unit uses a centrifugal pump han- 


dling a fluid like engine oil (Fig. 2). In the hydraulic 
circuit the pressure varies as the square of the speed so that 
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Fig. 8—Mechanical governor translates movement of speed- 
er rod with lever arm so that small power output of speed 
sensor is multiplied slightly to operate fuel control valve. 


at high speeds appreciable force change results from com 
paratively small speed change. The major disadvantage is 
that the pressure also depends on the density of the fluid 
pumped. That makes it temperature sensitive to a degree 
considered objectionable in many applications that must 
have exact speed control 

A similar arrangement involves pumping fluid—with a 
gear pump at a rate proportional to speed—through an 
orifice (Fig. 3). The pressure drop across the orifice is 
taken as an indication of speed. This arrangement is also 
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-Speed-droop lever 


Pilot-valve bushing 


Fig. 9—Hydraulic governor with speed droop lever to im- 
prove stability. Power piston multiplies limited output of 
sensing element so that a small fly ball can control rather 
large prime movers. 





Fig. 10—Comparison of hydraulic governors with (below) 
and without (above) permanent speed droop. 


H;s 


temperature sensitive, more so than the previous design 
since pressure is a function of both viscosity and density. 


Electrical. Evolved to increase accuracy of the sensing 
element, electrical methods rely on generators to produce a 
speed dependent output. One widely used system employs a 
small d-c generator with fixed field excitation driven by the 
prime mover (Fig. 4). The open circuit voltage of the 
generator is proportional to speed. Fuel regulation is ob- 
tained by applying the voltage to a solenoid that controls a 
valve working against a spring. Valve position is a func- 
tion of speed. 

But as soon as appreciable power is drawn from the gen- 
erator, variations in Circuit resistance caused by temperature 
changes or deviations in brush resistance introduce in- 
accuracies. 

An improvement to eliminate discrepancies arising from 
changes in brush resistance is illustrated in Fig. 5. The d-c 
generator has given way to a permanent magnet rotating 
field alternator whose output is rectified. Even in this ele- 
ment, temperature sensitivity is still present. In addition, 
if the output is taken at low power level to avoid resistance 
effects, the signal requires amplification to a useful level 
that might introduce error. 

In another electrical scheme, the frequency of a perma- 
nent magnet, rotating field alternator provides an exact in- 
dication of speed. When fed into a frequency sensitive net- 
work, it produces an output at a very low power level and 
requires amplification (Fig. 6). Since frequency sensitive 
networks are also voltage sensitive, additional precautions 
must be taken or the exactness of the speed indication is lost 

Mechanical. Probably the oldest and most widely used 
sensing element is the centrifugal fly ball (Fig. 7). The 
force required to restrain the weights is proportional to the 
square of the speed of rotation and the first power of their 
distance from the axis. There is a unique position of ball. 
head and speeder rod for each speed of rotation. Equilibrium 
depends on a balance between centrifugal force and that 
force exerted by the springs. 

Included among the advantages of the fly ball sensing 
element: simplicity, sturdiness, relative insensitivity to tem- 
perature changes, easy adjustment for speed setting, and a 
useful output at fairly high power level. 


Types of Governors 


In most applications, direct control by the speed sensing 
element is impractical. The usual practice is to use a mechant- 
cal multiplying linkage or a servo. 

A simple mechanical linkage (Fig. 8) is inexpensive and 
satisfactory where it is not necessary to maintain exactly 
the same engine speed regardless of load 

When load is applied to the engine, its speed decreases 
As a result, ball arm speed falls with the engine speed; 
centrifugal force of the flyweights is reduced so the spring 
forces the speeder rod down—this movement is converted 
into more fuel for the engine. Engine speed rises but does 
not reach the original speed. When load is removed, engine 
speed decreases and the governor acts in the opposite man- 
ner to supply less fuel 

Mechanical governors have this characteristic: the final 
steady speed of the engine is less after load is picked up 
and higher after load is dropped because the power of the 
flyweights moves the throttle directly by mechanical means; 
lower speed is necessary to hold the fuel valve farther open. 

For many applications a reasonable amount of permanent 
speed droop is satisfactory. But these limitations of the 
mechanical governor should be noted: 1) Sensitivity is 
poor because the speed-measuring device must also furnish 
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most of the force for moving engine fuel controls; 2) Power 
output of the governor is relatively small; 3) Speed droop 
is unavoidable, and the governor cannot provide truly con- 
stant speed where it is needed. 

To overcome some of these difficulties, there are hydraulic 
governors (Fig. 9) capable of more sensitive control and 
greater power output. The power to move the fuel adjusting 
mechanism comes from a hydraulic power piston or a servo- 
motor. 

The speeder rod is connected to a pilot valve that sup- 
plies fluid to the piston or servo-motor. It is designed so 
that only small forces are necessary to move the valve, allow- 
ing a small fly ball unit to control a large amount of power 
at the piston. 

Simple hydraulic governors have one limitation: they 
"hunt" because of the time lag between the governor action 
and the engine response. Hunting can be reduced by design- 
ing the governor so that the engine throttle can take only 
one position for any one speed. When a load change causes 
a speed change, resulting governor action ceases at the point 
that supplies the amount of fuel needed for the new load. 

To illustrate this, consider the governor in Fig. 10 when 
the load increases. As the heavier load is applied the speed 
falls, allowing the flyweights to move in and lowering the 
pilot valve. This action permits oil to flow into the power 
cylinder and moves the me upward. As the power piston 
rises it carries the speed-droop lever upward, reducing the 
speeder-spring force. 

The reduced force allows the ball arms to move out; 
raises the pilot valve; and reduces the flow of oil to the 
power piston which slows the upward motion of the piston. 
When the ball arms reach the vertical position, the pilot 
valve closes the ports and the piston stops moving. 

Hydraulic governors are not isochronous, that is, they do 
not provide identical speeds for all loads. Also any speed- 
droop adjustment is inconvenient because it is built inside 
the governor. On the other hand, such governors are rela- 
tively inexpensive, fairly accurate and sensitive, and more 
powerful than their mechanical counterparts. 

For the application that requires constant speed regardless 
of load there is a so-called isochronous governor (Fig. 11). 
This device uses temporary speed droop to supply stability 
while fuel flow is being corrected. The droop is gradually 
removed as the engine reacts to fuel correction and returns 
to its original speed. 

To accomplish such an action, the governor consists of 
two hydraulic pistons connected by an oil passage and a 
needle valve. Droop action is applied by the two pistons; 
droop removal occurs as oil escapes from the oil passage 
through the needle valve. 

When the load is increased, engine speed decreases, al- 
lowing the fly balls to move inward. This lowers the pilot- 
valve plunger so that oil enters under the power piston, 
forcing it upward. Movement of the power piston forces 
the actuating piston downward, displaces oil under the re- 
ceiving piston, forcing this latter piston upward to compress 
the upper spring and lift the pilot valve plunger. Movement 
of the receiving piston is transmitted to the pilot valve and 
tends to move the pilot valve so it closes the control ports, 
stopping further movement of the power piston. 

As the engine responds to the fuel change, its speed ap- 
proaches its original value, permitting the fly ball weights 
to become vertical again. At the same time the upper spring 
starts pushing the receiving piston down to its normal posi- 
tion; the floating lever tilts about the pilot-valve pivot pin. 

The needle valve opening, which is adjustable, determines 
the rate at which the receiving piston moves downward. At 
proper setting, the rate of return of the receiving piston 
exactly matches the rate of return of the ball arms 
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Fig. 11—Synchronous governor. When load increases, speed 
decreases: fly balls move in, speeder rod moves downward 
opening pilot valve so it delivers oil under power piston. 
Then droop is applied and removed. 


--Receiving piston 

Bs Needle voaive 
Actuoting piston 
I 


Pilot valve. 
plunger 


Fuel control 
// valve 


rReceiving piston 
i [Needle volve 


Pilot valve 
pivot pin ^ 


flooting lever 


Upper spring-~ 


Fuel contro/ 
l volve 


Fuel Supply, 





Applying droop (above): power piston moves up. Remov- 
ing droop (below): fly balls straighten. 


H39 








































































































































































































































ATOMIC ENERGY. Nuclear 
power plants are no longer possibili- 
ties—they re fact. That makes the sub- 
ject of atomic power the top develop- 
ment to watch. 

Fact Number one. Engineers and 
scientists of the Westinghouse Electric 
Corporation and the Atomic Energy 
Commission are testing a full sized 
land-based prototype of a submarine 
nuclear power plant at Arco, Idaho. A 
similar unit will be installed in an 
ocean-going submarine by the end of 
1954. Fuel for the submarine units is 
Uranium 235, the fissionable isotope. 
The Westinghouse design uses water 
as a moderator and as the agent of heat 
transfer. 

Fact Number two. This year General 
Electric will complete a submarine 
power plant, similar in design to West- 
inghouse's but using liquid sodium as 
the heat exchanging fluid, instead of 
water. The metal will circulate through 
the pile, picking up heat; it will give 
up its heat to water in an external heat 
exchanger 

Fact Number three. Breeder reactors, 
the piles that manufacture their own 
fuel as they generate heat by fission, 
have performed satisfactorily at AEC 
installations. This year will see more 
data and improved designs coming 
from such experiments. Using a mix- 
ture of fissionable Uranium 235, and 
non-fissionable but convertible to fis- 
sionable material Uranium 238, the 
breeder reactor appears to be the eco- 
nomic answer to commercial generation 
ot electricity 

Four separate combinations of indus- 
trial companies and electric utilities 
have studied the possibilities of gener 
ating electricity in commercial quan- 
tities with nuclear power plants. Al- 
though each team has their own ap- 
proach to the problem, all plan to re- 
place conventional coal or oil burning 
furnaces with a nuclear reactor. Their 
cost estimates for a single station range 
from fifty million to one hundred mil- 
lion dollars. North American Aviation 
has developed an atomic central station 
that they will build for anyone willing 
to finance it. They estimate that a proto 
type would about 10 
dollars 


cost million 

Nuclear energy can be converted to 
electrical—that’s been proved. The big 
question is can this conversion be made 
economically enough so that units can 
compete with coal—or oil—fired sta 
tions. The first step in finding an 


answer is to build a pilot plant. That 


H40 


Developments to Watch 


step should be started this year. 

There’s a political question blocking 
start of a pilot unit. Some people think 
that AEC should build the first one; 
others want private industry to make 
the first attempt. Some say government 
should be the sole generator of electri- 
cal energy from nuclear sources; others 
believe the government should get out 
of the power business. 

Congress holds the key to nuclear 
power progress in industrial applica- 
tions. Observers agree that there must 
be a relaxation of legislation to en- 
courage private corporations to partici- 
pate in development and research. AEC 
can't do it alone. 

Fact Number four. The Air Force 
has, on drawing boards, designs for an 
airplane powered by a nuclear reactor. 
Development of a reactor for such a 
purpose has been slowed by technical 
difficulties in getting a light weight 
unit. Biggest problem is finding a way 
to protect crew members and passengers 
from radiation without using heavy 
lead plates or concrete blocks 

Atomic power plants for other ap- 
plications—trains, automobiles, etc 
are still far off in the future. 


PACKAGED POWER SUPPLIES. 
. . . The incentive to package power- 
line supplies and their controls are 
growing steadily. Savings of installa- 
tion expense is perhaps the greatest 
factor but is closely followed by greater 
compactness, fewer elements and the 
benefits of factory coordination, assem- 
bly and testing. 

An example of a packaged unit is a 
motor-generator set, magnetic ampli- 
fier regulator and switching, all con- 
tained in a single cabinet. The mag- 
netic amplifier replaces the usual 
rotating regulator, thus reducing the 
number of rotating parts 


DOUBLE USE MOTOR. ... A mo- 
tor that can be used on either single 
phase or three phase lines shouid prove 
economical for users needing both types 
of motor connections. The motor uses 
a Scott-T connection, familiar to trans- 
former designers but believed to be 
new in rotating equipment. 

Concentric windings are used which 
can be placed by machine instead of 
the progressive windings normally used 
in rotating equipment. Except for start- 
ing torque, the motor provides equiva- 
lent performance on the two power 
supplies 

The motor can be used, for example, 
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to drive fans for the cooling of out- 
door power transformers, and makes it 

ssible to use a single motor inter- 
changeably for either type of power 
supply. 


ALTERNATORS. . . . To meet ever 
growing requirements, in many fields, 
for more a-c power and for special-pur- 
pose a-c power, many new alternators 
are being developed. The largest one 
to date develops 30 kva, three phase at 
speeds between 5,400 and 6,600 rpm. 
It is an 8 pole machine, which gives a 
nominal 400 cycle —10 per cent. It can 
deliver 150 percent load for 5 minutes 
and 200 percent load for 5 seconds 
The unit weighs 123 lb. The alternator 
meets all requirements for low har- 
monic content in the output voltage 
wave—a requirement necessitated by 
the electronic equipment served. 

As kva rating rises the design diffi- 
culty increases rapidly. Additional rat- 
ings calls for a rotor that is larger in 
diameter or longer, or both. To increase 
diameter, increases the centrifugal 
forces; to increase length, causes canti- 
lever forces and vibration to become 
troublesome, as the alternators are over- 
hung, in many instances, from an en- 
gine shaft and are only supported at 
one end. 

A 6,000 rpm, 40 kva alternator, now 
in production, has a number of new 
features. The poles for the alternator 
are cut from a single sheet rather than 
being separate pieces fastened to the 
rotor. This gives the salient-pole field 
greater strength, prevents poles from 
loosening on the shaft, eliminates any 
indefinite or changeable air gap where 
the poles fasten to the shaft, and main- 
tains the gap between the stator and 
the rotor more constant. The generator 
has a one piece shaft, improved tor- 
sional vibration damper and an alu- 
minum housing instead of magnesium 
to raise the natural frequency. 


GAS TURBINES. . . . Although not 
new, it has been only in recent years 
that U. S. designed gas turbines are 
being used in ever increasing number 
Their installations range from small 
hand portable units operating fire fight- 
ing equipment (see Product Engineer- 
ing, Dec., 1951) to large 5,000 horse- 
power units to drive gas line compres- 
sors. A few of the newer installations 
are: 

e Portable air starter compressor, 
powered by a gas turbine, that permits 
ground starting of aircraft with a re- 
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sulting 500 lb weight saving. The unit 
uses a two-stage centrifugal compressor 
with a single-stage radial flow turbine. 

e An 1,800 horsepower gas turbine 
that is to be trailer mounted and used 
as a means of supplying emergency 
compressed air. The complete installa- 
tion is comprised of the turbine, two 
multi-stage centrifugal air compressors, 
a 50 horsepower starting motor, a 60 
kw generator and auxiliary equipment. 

e A propane burning gas turbine 
locomotive unit that delivers 4,800 hp 
and can handle 4,650 tons at 65 mph. 
The power plant is a 15 stage axial flow 
compressor that discharges into six 
combustion chambers. The combustion 
gases pass through a two stage turbine, 
to drive the unit, and are discharged 
through a roof exhaust duct. 

e A 5,000 horsepower power plant 
that is comprised of two turbines on 
separate shafts. One turbine drives the 
air compressor, the other drives the 
load. This arrangement allows opera 
tion of the power turbine over the en- 
tire speed range. A regenerator raises 
the efficiency by about 20 percent. 

e Other installations include aircraft, 
trucks and ships. Two types of units 
are being considered for aircraft; the 
Boeing small turbine, now under de- 
velopment by the government, and be- 
ing tested on helicopters and small 
single engine aircraft; and the Wright 
Turbo-Compound engine, rated at 
3,250 hp, and being used on two and 
four engined transports 

The U. S. Navy and the British Navy 
have been experimenting with ship- 
board gas turbine installations since 
1947. These tests have proved that tur- 
bine can be used for ship propulsion 
but the major reason for the tests were 
to determine the problems and major 
developments necessary to place them 
in a competitive position with other 
means of propulsion. 

At present, the United States pro- 
duction of aviation gas turbines has 
gotten into serious difficulty; it has 
fallen far behind the schedules set up 
by the Air Force. The reason: metal- 
lurgical problems and machining 
difficulties. 

U. S. designers have turned out 
power plants capable of tremendous 
horsepower outputs, and operating at 
extremely high speeds. Metallurgists 
have not been able to find alloys or new 
materials capable of withstanding these 
temperatures and maintaining some de- 
gree of strength, enough to perform 
their functions. As a result, many U. S 
turbine designs require too much main- 
tenance and have poor efficiency 

Also, there's been a machining prob- 
lem with some of the newly developed 
alloys and new materials. For example, 
properties of titanium, like hardness 


and strength, depend on impurities in 
the metal. Because there is insufficient 
control of impurities during manufac- 
ture, the metal that arrives at engine 
plants is not uniform. Machining tech- 
niques that work with one batch do not 
work with another. This slows down 
production and gets the entire plant 
out of schedule. 

The seriousness of the shortage has 
been illustrated by the fields of U. S. 
aircraft frames waiting for jet engines. 
Engine builders realizing the shortcom- 
ing of their own designs are trying to 
alleviate the situation by building con- 
tinental designs on a license basis 
Typical producers: Curtis Wright 
building the Sapphire engine; West- 
inghouse Electric Corporation licensing 
a design from Rolls Royce 

Some of the development work still 
to be done on gas turbines centers 
around the combustion of different 
fuels. Fuels to date have included cheap 
residual fuels, refined oil, propane and 
gasoline. Also, considerable effort is 
being expended to improve efficiency 
by increasing operating temperatures 
The answer seems to be in better cool- 
ing of turbine blades and other parts 
exposed to combustion heat. Better 
cooling should allow higher tempera- 
tures, longer life, and possibly even 
the use of less critical materials, such 
as ceramics. 


REACTION MOTORS. . . . The re- 
cent development by the Naval Re- 
search Laboratory of a pulse jet with 
a life of 200 hours has awakened in- 
terest in these engines for possible use 
as power plants and low temperature 
heat units. 

Applications have been dormant be 
cause of the relatively short life. Early 
units, built by the Germans to power 
buzz-bombs had a life of less than one 
hour. Development in this country ex- 
tended this life to about 40 hours but 
still the units were not considered eco- 
nomical. The limiting factor, in all 
instances, was valve deterioration. 

The NRL units, ranging in size from 
{ to 8 in. in dia and with thrusts of 
22 to 105 Ib, use a vane type valve 
with a thermoplastic applied to the 
edge. This acts as a buffer and reduces 
wear and secondary edge vibration 
Rigid mounting prevents primary vibra- 
tion damage and rubber bumpers ab- 
sorb the impact shock on vane ends and 
act as gas seats 

These units are made of mild and 
spring steel; no critical materials are 
used. The engine is self-starting, will 
burn any type of fuel, has a high out- 
put per pound of engine weight and 
long life. Because of its inexpensive 
construction and no maintenance factor, 
the unit is considered to be expendable 
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SERVO AMPLIFIER. . . . Use of 
transistors in conjunction with mag- 
netic amplifiers was suggested shortly 
after the transistor was announced. 
It was known to be extremely 
rugged. The absence of standby power, 
inherent in both devices, showed 
promise. The transistor is an efficient 
amplifier at low power levels and the 
magnetic amplifier excels at high power 
levels. Thus, the transistor would act, 
in effect, as a preamplifier for the mag- 
netic amplifier power stage. 

Recently, the Industrial Control 
Company, Wyandanch, New York, fin- 
ished dev elopments and tests of a servo 
amplifier. The circuit used is quite sim- 
ple and yet it offers power gains of sev- 
eral thousand with a speed of response 
limited only by the operating fre- 
quency. Input and output may be either 
a-c or d-c and negligible power is con- 
sumed by the amplifier when no power 
is being delivered to the load 

The unit will drive various 400 cycle 
servo motors in medium performance 
positional servo loops from single 
speed autosyn data. lt is completely 
self-contained, requiring no power sup- 
ply or damping tachometer. Other 
characteristics of the unit are: long 
life, freedom from environmental con- 
ditions, great resistance to shock, and 
simplified interconnections. As a result 
it can be used with the same facility of 
application as the servo motor or 
autosyn. 

The servo amplifier is recommended 
for medium performance positional 
loops where zero maintenance and ab- 
solute reliability are paramount. In 
multi-loop equipment it can drastically 
reduce overall size and weight, simplify 
interconnecting cabling, ensure contin- 
uous operation and reduce internal 
equipment temp erature rise. Its charac 
teristics make it ideal for critical appli- 
cations, such as military fire control 
gear, atomic energy installations, and 
industrial controls. The transistor-mag 
netic amplifier may also be used in 
other applications where low fre- 
quency amplification is desired 


A number of improvements ar& ex 
pected to result from use of better tran- 
sistors, when they become available in 
sufficient quantity to make their use in 
commercial equipment feasible. Higher 
gains may be obtained by using cascad- 
ed transistors 


The new development makes avail- 
able to industry a highly efficient and 
versatile packaged servo amplifier that 
is virtually indestructible and may be 
expected to have a long life. Present 
models have power levels of a fraction 
of a watt to 500 watts and may be con- 
trolled by thermocouples, synchros, 
small potentiometers and photocells 
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FRACTIONAL HORSEPOWER MOTORS .. 








TYPE N MOTOR 


Available in three 
basic sizes. Smallest 
motor is 334” in diam- 
eter, largest is 55". AI. 
most any type of wind- 
ing. Standard ratings 
from 1/150 to 1/6 hp at 
1725 rpm. Used on such 
devices as blowers, 
pumps, coin - handling 
equipment, communica- 
tion equipment, thera- 
peutic devices, sound-re- 
cording and reproducing 
equipment, and machine 
tools. 








TYPE VCF-12 
MOTOR 


Normally supplied with 
series windings having 
variable-speed character- 
istics and nominal speed 
of 5000 rpm. Compact 
(2V4" high), generous 
power, lightweight, small 
enclosure. Operates such 
devices as adding ma- 
chines, calculating ma- 
chines, check protectors 
and motion-picture pro- 
jectors. 





SPEED 





Group 7: Rugged reducer for driving heavy 
loads continuously. Ample reserve for overloads. 
Height, 774”. Eight different windings. 
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With 
Speed Reducer 


Without 


Speed Reducer 


REDUCER 





Group 4: Double 
werm-gear re- 
ducer for trans- 
mitting high 
torques at low 


TYPE K MOTOR 


Without speed re- 
ducer: Normal 60-cycle 
output ranges from 
1/2000 hp to 1/500 hp 
on continuous duty. 
With speed reducer: 
Drive-shaft speeds rang- 
ing from 300 rpm to 1 
rpm and with torque 
ratings of 1.3 in. oz to 
110 in. oz, respectively. 
The Type K motor 
(which is 235" high) is 
especially adapted to use 
on instruments and tim- 
ing devices. 









































TYPE U MOTOR 


Available in 1/20 and 
1/15 hp, at 1725 rpm, 
and 1/30 hp, at 1125 
rpm. Diameter 434". 
Split-phase construction. 
Resilient mounting for 
quiet operation. Thermal 
overload protection. For 
use in office machines, 
automatic phonographs, 
circulating pumps, air- 
conditioning equipment. 
Available only in stand- 
ard construction and on 
quantity orders. Attrac- 
tively priced. Rapid de- 
livery on all orders. 





SERIES WOUND 
MOTOR PARTS 


SET includes: Field 
core and coil assembly, 
armature, brushes and 
associated parts, and fan. 
SIZE: Diameters to 3/4”. 
Wound to order for all 
fractional horsepower rat- 
ings. APPLICATION: 
Portable power tools 
and appliances. 





Group 2: Designed to deliver _ 
moderate torques. Height, 43/4”. 






Group 3: Single-reduction, worm- 
gear reducer, designed for transmitting 
moderate torques. Height, 47/4”. low torques. Height, 354". 


speeds. Height, 


674". Group 1: Designed to transmit 










BODINE FRACTIONAL HORSEPOWER MOTORS 


DISTRICT AGENTS 


BUFFALO 3, N. Y. DETROIT 27, MICHIGAN MINNEAPOLIS 4, MINNESOTA ^ SAN FRANCISCO 3, CALIF. 

735 Ellicott Square—5S. E. Shea 14511 Puritan Ave.—C. D. Miller 338 East Franklin Ave.—A. C. Jacobson 995 Market Street—J. F. Cady 
CAMBRIDGE 39, MASS. KANSAS CITY 6, MISSOURI NEW YORK 36, N. Y. SYRACUSE 2, N. Y. 

686 Massachusetts Ave.—W. A. Black 903 McGee Street—T. Pellmounter 55 West 42nd Street—H. C. Mayorga 218 W. Harrison St.—H. H. Cardozo 


CLEVELAND 3, OHIO LOS ANGELES 13, CALIF. ROCHESTER 14, N. Y. CANADA —Renold-Coventry, Ltd. 
4500 Euclid Ave. —W. R. Uffelman 406 So. Main Street —H. M. Holl Reynolds Arcade Bldg.— A. F. Zissler Montreal—Head Office 
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Chrysler industrial Model 16 Engine, 
265 Cubic Inches Displacement 








| Stroke-Inches 


| Displacement—Cu. In. 


l 
L Valves — Arrangement 





Chrysler Industrial Model 20 V-B En- 
gine, 331 Cubic Inches Displacement 


HORSEPOWER ht WITH A PEDIGREE 
GENERAL SPECIFICATIONS — ALL MODELS (US 


Your Equipment with CHRYSLER 


"Power-Proved" Engines 


Gasoline, Natural Gas, L-P Gas... ten Chrysler Industrial Engines 
and Power Units operate with the fuel of your choice. Whatever 
your other requirements, within a 217 to 413 cubic inch displace- 
ment range, you can be sure of a Chrysler Engine or Power Unit 
to meet them. You can be sure, too, of 
Chrysler Power . because Chrysler 
Engines combine high-speed performance 
with workhorse durability and economy 
customarily associated only with bulky, 
slow-speed engines. 

Check the specifications and perform- 
ance data. Then see a Chrysler Industrial 
Engine Dealer for further information, or 
write: Dept. 2311, Industrial Engine Division, 
Chrysler Corporation, Trenton, Michigan. 


GHRVSLER 


Industrial Engines 


| ind. 5 








i i 1 Crankshaft— Bearings 
























Spark Plug— Size 









































=—— — 


. Weight— Approx. (Lbs.) 


e- 





ind. 6 Ind. 8 Ind. 14 Ind. 15 Ind. 16 Ind. 22 Ind. 18 Ind. 19 Ind. 20 
No. of Cylinders | 6 6 6 6 6 6 6 8 8 "PT. 
Type of Éngine—4 Cycle — | Gewcine Gasoline 
Bore— Inches 34 3'4 3% 3% 4 3% | mw | m% | m | 34, 
‘h 34 
217.8 331.1 
Compression Ratio | 7 | es | es | 7s [p | 7 
L L Vee Vee Vee 
Pistons—No. Rings 4 WE 4 MA 4 
EB MSlnn dn. 
EE EAA E. s 
Camshaft— Bearings Pos "EOM UCEB Io 5 
Crankshaft— Bearing Diameter | 24' ELM 1 am ELM LM 24" 
lubrication —Type T -— | Pes | Press | Press. | Press. 
Lubrication—Type Oil Pump Rot " | mor | Geor | Rotor {Rotor | Rotor 
Lubrication—Oil Capacity Qts. E 5 [ 3. ] autem ce. 5 
ignition—Battery Type T Yes Yes Yes Yes Yes Yes 
Speck Plon- Mdh 14 mm | 14mm | 14mm | 14mm | 14 mm 
Starting—Elec. Type | svo 6 veh 
Gen. Reg.— Full Voltage " 45 Amps 45 Amps | 45 Amps. | Amps | 50 Amps.| Amps EL Amps 50 Amps. 
Gen. Reg.—Full Voltoge | E 
and Current Control - aa - - - - 
Carburetor—Type _| Down-Drat Down-Droft Down-Draft Down-Draft 
Fuel Pump Yes ^c —'"w Yes Yes Yes Yes 
570 625 1190 591 629 850 


















Chrysler Open Power Units 
include complete engine, skid 
base, grille, radiator, instru- 
ments, instrument panel, fy- 
wheel, flywheel housing. V-8 
Engine Open Power Unit 
(pictured) also includes 
twenty-five gallon fuel tank. 


Optional Equipment for Chrys- 
ler industrial Engines include: 
yrol Fluid Coupling, Torque 
onverter or 3-, 4- or 5-Speed 
Transmission © Twelve or 
Twenty-Four Volt Electrical 
-driven front 


— ——3À 


Chrysler Enclosed Power Units 
hove complete engine, fuel 
tonk, storage battery, instru- 
ments, instrument panel, fiy- 
wheel, flywheel housing, skid 
base and completely en- 


closing sheet metal. 


retors + Vertical or Horizontal 


— 





CHRYSLER 
MODEL 5 


CHRYSLER 


mova E 


CHRYSLER 
MODEL & 


CHRYSLER 


noon AE 


CHRYSLER 
MODEL /4 


CHRYSLER 
MODEL / 5 


CHRYSLER 
MODE 22 


CHRYSLER 


noou ZQ 


CHRYSLER 


noon ZQ 


CHRYSLER 


noon 2) 


RPM 800 
Dyna. BHP 25 
Cont. BHP 20 
Dyna. Torque 164 
Cont. Torque 134 
Spec. Fuel .580 


RPM 800 
Dyna. BHP 30 
Cont. BHP 

Dyna. Torque | 20! 
Cont. Torque 163 
Spec. Fuel .620 


RPM 800 
Dyna. BHP 32 
Cont. BHP 26 
Dyna. Torque | 213 
Cont. Torque 173 
Spec. Fuel 588 


RPM 800 
Dyna. BHP 39 
Cont. BHP 32 
Dyna. Torque | 260 
Cont. Torque 21! 
Spec. Fuel 615 


RPM 

Dyna. BHP 
Cont. BHP 
Dyna. Torque 
Cont. Torque 
Spec. Fuel 


RPM 

Dyna. BHP 
Cont. BHP 
Dyna. Torque 
Cont. Torque 
Spec. Fuel 


| PERFORMANCE DATA ... CHRYSLER V-8 ENGINES 


1200 
47 
25' 38 


208 
168 
.570 


.553 


800 
50 
40 

327 

265 

.621 


1600 | 2000 
54 66 
43 54 

177 175 
143 142 
522 .515 


1600 | 2000 
81 99 


260 
211 
.571 


1600 
101 


333 
270 
523 


1600 
104 
85 
343 
278 
560 






2800 
105 


198 
160 
.559 


2800 
109 


205 
166 
.571 


2500 
119 


250 
203 
.581 


2000 


124 
100 
326 
264 


.520 


2 


000 
129 
105 
339 
275 


.537 





3200 | 3600 
96 100 
157 146 
.563 .595 


3200 


3200 3600 
115 118 
189 172 
.582 619 


3200 
117 
192 


592 


238 


.603 


2800 | 3000 
127 130 


2400 2800 
144 155 
116 
315 292 
255 - 

.530 557 


2400 2800 
151 163 
123 - 
332 316 
269 - 
550 580 








RPM 800 | 1200 | 1600 | 2000 | 2400 | 2800 | 3000 | 3200 | 3600 | 4000 
Dyna. BHP 32 48 66 84 100 113 118 123 130 137 
Cont. BHP 26 39 54 68 81 92 96 

Dyna. Torque | 210] 213] 217] 222] 220] 213] 207] 202] 190] 180 
Cont. Torque 170 172 176 180 178 172 168 

Spec. Fuel 592] .542] .532] .519] .509] .502] .502] .504 518] .532 
RPM 800 | 1200 | 1600 | 2000 | 2400 | 2800 | 3000 | 3200 | 3600 | 4000 
Dyna. BHP 35 55 75 95 113 130 137 143 152 157 
Cont. BHP 28 44 61 77 92 106 111 - 

Dyna. Torque | 232] 242] 247] 250] 249] 245] 241] 235] 222] 207 
Cont. Torque 188f— 196] 200] 203] 202] 198] 195 

Spec. Fuel .496| .488 | .484 | .487 | .488]| .490] .493] .497 | .503] .521 
RPM 800 į 1200 į 1600 į 2000 | 2400 | 2800 | 3000 | 3200 | 3600 | 4000 
Dyna. BHP 43 69 95 120 142 161 168 173 179 182 
Cont. BHP 35 66 77 97 115 130 136 - 

Dyna. Torque | 286] 303] 311] 315] 312] 302] 294] 284] 262] 239 
Cont. Torque 232] 246] 252] 255] 253] 245] 238 

Spec. Fuel 532] 510] .504] .501] .496] .493] .497] .503] .523] .550 


CHRYSLER POWER MAKES LIGHT OF 





HARD WORK 
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Double blowers for applications requiring 
100 CFM of air, as in laboratories, kitch- 
ens, refrigeration units, air conditioning 
equipment, TP photo darkrooms and for 
furnace draft boosters. Powered by Type 
D shaded pole induction motor. Require 
infrequent oiling. Non Radio interfering. 
Normally furnished with outlet mounting 
— but can be had with a flat strap 
bracket and an outlet damper. For 115v 
AC, 60 cycles (other voltages or frequen- 
cies on request). 35 watts at 3150 RPM 
(free air) on 115 volt source 


SUB-FRACTIONAL HORSEPOWER 


A "— ond dependable little unit for 
general use and medium speed applications, 
which will operate for years with a mini- 
mum of attention. ideal for pumps, fans, 
advertising displays, brooders, space heat- 
ers, etc. 1/100 to 1/200 HP. 115v, 60 
cycles in either CC or CCW rotation. Can 
be had for other voltages or 50 cycle oper- 
ation. Ventilated cases, flat strap mount- 
ing bracket, junction box welded to case 
and Elkey connector available. 


DS. Single blower, with all the advantages of Type Ds SA-1 SA-2. 2-pole skeleton frame motors, 


DD, but approximately half the air delivery. 115v, 60 1/1 1 í s 
cycles. For CW and CCW operation. 35 watts at 3100 Hh as E ER. The. Son ls 
RPM (free air) on 115 volt line. Regularly supplied concentric with the OD, thus making 
with inlet screen and outlet flange, but can be had mounting c simple problem Elimination of 
with inlet damper, inlet mounting flange, “L” type 


case makes them very economica! 
bracket or flot strap bracket -" y 


Most completely developed line of Heinze 
shaded pole induction motors. 1/200 to 1/50 
ZSD ZRD HP. ve stendand sizas. ao er ie» starting 

torque. Intermittent operation or low heat r 
nn " nen. 2 speed type cherecteristics. Speed ranges from 1400 to 
354" bol E d oi AQ EN 1700 RPM. Normally furnished for 115v, AC, 
% d LM e EM EM ae | 60 cycles. CW and CCW rotation. (Other volt- 
& « LE = 656 IE A i ages and frequencies on request.) Can be sup- 
n Mar oat 9 I M (tree 4 plied in closed cases, 4-start mounting, saddle 
- Available for 230 volts or 50 type mounting bracket, flat strap bracket and 

cycle operation junction bones 


AM-100 


ZSS ZRS The most compact 50 CFM blower units avail . : New capacitor motor. 1/100 hp., operating at 
able today. Resilient mounting base to reduce mechani- j ' free speed of 3300 rpm. or load speed of 3100 
cal vibration to a minimum can be furnished with flat / & ` 4: Tpm. 
strap bracket instead of outlet flange normally furnished / Originally developed for TV antenna rotator 
115v, AC, 60 cycles. 40 watts at 1650 RPM (free air | service. Reversible. Is excellent also for labora- 
Can be mounted for 230 volt operation tory or experimental use: or for advertising 
displays, etc 
40 watts. 24 volts. 60 cycles, AC. Skeleton 
frame, but can be supplied in ventilated case, 
F2-D same size and appearance as Heinze Type Z 
motor. Mountings available. 
For cooling electronic tubes in trans- 
mitters, induction heaters and dia- 
thermy equipment. Quiet operation. 
Low wattage. Light ER not AR-105 
PED 5 watts 9000 RPM’ E Another new capacitor rotator motor, 1/200 hp. 
air operating at free speed of 3000 rpm. 35 watts. 
24 volts. 60 cycles, AC Operated with a 75mf 
capacitor. 


F2-S Single blower as above. 115v, AC, 60 cycles - 
15 watts. 3100 RPM (free air) ^ FC and FB 


2 pole, shaded pole, induction motors. CW or 

CCW rotation. 1/1000 to 1/300 HP. For 

"mouse power’ applications, such as range oil 

oumps, small hair dryers, desk fans, toys, space 

heaters, advertising displays, timed-switching 

devices, small water circulators, kitchen mixers, 

. etc. 115v, 60 cycles. Free speed, 3200 RPM. 

F 22.8 Recommended load speed, 2600 to 3000 RPM. 
Has generally the same features as 
the F2 blowers. Bakelite housing 
115v, AC, 60 cycles 15 watts 
2800 RPM (free air). Can be sup- 
plied in double housing (F 2!5-D 
with approximately twice the air 

delivery of F 214-S 


K 
K6-S (and K12-S) are battery operated for cars i KF 
trucks, boats and other portable installations * 1/50 to 1/25 HP. Normally supplied 


K115-S is an AC-DC blower of excellent output where for 115 volt line. Can be had for 230 The same specifications as for Type 
absolutely quiet operation is not of prime importance volt operation or as a straight 115 “K’ but flat-sided for sewing ma- 
volt (or 230 volt) DC motor. Close chines, business machines and other 
case type. Lee governor and resilient devices needing a series motor, where 
mounting plate available. space is important. 


Heinze ElectricCo | Heinze Electric Co 


685 Lawrence Street 685 Lawrence Street 


LOWELL, MASS LOWELL, MASS 


Delivers almost 100 CFM of air and operates at a speed 
of 2800 RPM (free air). 70 watts on 115v, 60 cycle line 
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A complete 
product line with 
One source of supply, 








One responsibility 





Electronic bridge, sig- 
nalling type temper- 
ature controller. No 
batteries or moving 
parts. Excellent per- 
formance, high sensi- 
tivity with minimum 
maintenance. 


V-301 and V-302 
Pneumatic Pressure 
Regulators are design- 
ed to reduce line pres- 
sures up to 150 psi to 
working pressures of 
0-30, 0-60, or 0-100 psi. 


Pneumatic Indicator in 
cast aluminum case. 
Assemblies inter- 
changeable. One of 
General Controls' wide 
line of pneumatic in- 
dicators, recorders and 
controllers. 
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For reliable, automatic control of your 
product or process... whether it is in 
a heating, refrigeration, industrial or air- 
craft application ... General Controls 
automatic controls will provide -de- 
pendable, low cost, trouble free per- 
formance. Write us on your company 
letterhead for a copy of Catalog 53G. 


EI 
wm um um P im nn um m m m m €t 


AIR 
w ‘ CONDITIONING 
SYSTEM 


B-55G Governor Type 
Gas Valve for on-off, 
high-low modulating 
and air damper con- 
trol. Slow opening dia- 
phragm. For gas-flow 
to industrial boilers 
and furnaces. 


Air Motor Valve. Air- 
opening and closing 
diaphragm actuators. 
For modulating con- 
trol with valve posi- 
tioners, timers or other 
instruments for high 
accuracy flow control. 





Glendale, California è Skokie, Illinois 


GENERAL CONTROLS 9 


Manufacturers of Automatic Pressure, Temperature, Level 
and Flow Controls for Heating, Home Appliances, Refrig- 
eration, Industrial and Aircraft Applications 

FACTORY BRANCHES IN 34 PRINCIPAL CITIES 


See your classified telephone directory. 
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SYNCHRON 


" 


MOTORS 


Are Quickly Adaptable 
To New Product Designs 


Many leading design engineers have 


found SYNCHRON Timing Motors the 


perfect answer to the problem of powering timing machines, action signs, 
recording thermometers, switches, heating and air conditioning devices . . . 


With Brass or Steel Pinion 


IOT - S4P. 14/PP.A. 
Brass Pinion (.222 O.D) 
IOT - 48P. 14//?P.A. 
Brass Pinion (250 O.D.) 


7;— .130 


062 x .249 Die. 
-.001 


With Standard Shaft 


Shaft lengths 
“a-%-'a-% 
CE d 
Standard Length - ¥% 
r— 110 


— 42650 
062 x 249 Dia. 
001 


With Extended Bearing Shaft 


l Shafts With Extended 
Bearing 
%-Yr2-%-%- I“ 


| | L..4250 
fe— 312 x .249 Dia. 
001 


timing mechanisms calling for instant 
starting, dependable accuracy, adapta- 
bility and versatility. 


SYNCHRON Timing Motors pull up 
to 8 oz. direct load at 1 RPM and op- 
erate efficiently at temperatures from 
—40° to +140° F. 


Small in Size — Sturdily Built 
Rigidly Inspected 

Power-packed SYNCHRON Timing 
Motors are small enough to fit in ex- 
tremely close places, but sturdily built 
for long life and dependability. Each 
SYNCHRON motor must pass 51 
separate inspections and a grueling 
final test under power before ship- 
ment. 


If you have a special timing problem, 
let SYNCHRON engineers help you 
solve it. 


HANSEN MFG. CO., Inc., Princeton, Ind. 


QUICK FACTS 

ABOUT SYNCHRON MOTORS 

Guaranteed to pull 8 in. oz. at 1 
RPM .. . may be mounted in any 
position . . . may be stalled con- 
tinvously without injury to motor. 

Approved for 110 V. and 220 V. 
applications by Underwriters' Labo- 
ratories and Canadian Standards 
Assn. 

Watts input, 3. Temp. rise above 
ambient: 38^ F. 


Speeds 


50 Cycle 
RPM 


60 Cycle 
RPM 


25 Cycle 
RPM 


36 75 1 
40 100 
48 150 
50 200 
60 300 
72 
75 
90 

100 

120 

150 

180 

200 

240 

300 


VOLTAGE: 18V.-24V-110V.-220V. 
ROTATION 


Clockwise (R) Or Counter Clockwise (L) 


MOTOR WITH GEAR REDUCTION UNIT 


Pinion or Shaft Drive 


1875 


- - 2009 ————9 
= 1.000 “| 


4 Mounting Holes 
116 Diameter 


PRODUCT OF HANSEN MANUFACTURING CO., INC., PRINCETON, IND. 


Hs 
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FOR DEPENDABLE SERVICE. 


ap P mormors 


HAVE 
UCT CAN 
RUNNING MATE YOUR PROD 

THE BEST 
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The aluminum rotor conduc- 

tors, end rings and fan blades 
are uniflow pressure cast. Maxi- 
mum electrical efficiency and quiet 
operation are assured by design, 
critical selection of material, and 
careful dynamic balance. 


The exclusive Delco Thermo- 

tron automatically provides 
complete and positive motor pro- 
tection against damage from stall- 
ing, continued overload and faulty 
power supply. 


Oversize sleeve bearings— 

steel backed tin babbitt bear- 
ings are diamond bored after as- 
sembly in the end frames for accu- 
racy in alignment. 


Delco motor windings are 
varnish-dipped and baked to 
provide adequate insulation. 


Resilient rings of special oil- 

resistant material are double 
bonded to the mounting rings for 
long life and ultra-quiet motor 
operation. 


|Large oil reservoirs, cast integ- 
rally with the end-frames to 
prevent leakage, are fitted with oil 
wicks in positive contact with the 
shaft to insure adequate lubrication. 


Delco's exclusively designed 

centrifugal starting switch is 
simplified with a minimum of work- 
ing parts. Positive snap-action 
eliminates fluttering. 


DELCO  trectionat hp Siete 


BLOWER MOTORS—Designed espe- 
cially for belt driven blowers and fans 
as used in heating, air conditioning and 
filtering systems. Electrically designed 
for efficient ultra quiet service. Resilient 
mounting rings, double bonded, and 
designed to provide maximum vibration 
and torsional damping. Rugged cast 
iron end frames with integrally cast oil 
wells, oversize bearings and sturdy 
steel frame for long life. Exclusive Delco 
automatic reset Thermotron (Under- 
writers’ Laboratory approved) for pro- 
tection against overload and stalled 
conditions. Delco blower motors con- 


form to NEMA standards, available in 
single- and two-speed designs. Split- 
phase ratings from % hp through Y3 
hp. Capacitor-start ratings from Ys hp 
through % hp. 





REPULSION-START, INDUCTION-RUN FRAC- 
TIONAL HP MOTORS—Available in V? hp 
and % hp ratings. These motors combine the 
advantages of high starting torque and low 
starting current. Large oversized sleeve bear- 
ing with extra large oil reservoir cast as 
integral part of end frame. Wool encased 
feeder wick system provides adequate circula- 
tion of oil. Heavy rigid steel base. Adequate 
sized commutator for dependable service and 
long life. Delco design Thermotron available. 
Delco repulsion-induction motors meet NEMA 
standard performance and mounting dimensions. 
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JET PUMP MOTORS—Designed for 
centrifugal pump applications such as, 
domestic water systems and direct 
connected pumps. Capacitor mounted 
internally lends an attractive stream- 
lined appearance to pump designs. Ball 
bearings grease lubricated. Double 
sealed bearings on shaft end with large 
grease cavity for bearing protection. 
Thrust spring holds rotor in position, to 
maintain impeller clearance. Drilled 
and tapped hole in end frame permits 
mounting of drip cover of individual 
customer design. Rugged electrical and 
mechanical design integrated to assure 
long life and quiet operation. Motors 


OIL BURNER MOTORS— Engineered and 
built for dependable efficient service, 
totally enclosed for maximum safety. 
Not affected by extremes of dirt and 
moisture. Functional design provides an 
attractive assembly. Electrically designed 
for efficient ultra quiet operation. Over- 
size bearings, end frames with integrally 
cast oil wells and sturdy steel frame 
for long life. Rotor precision balanced. 
Exclusive Delco manual reset Thermotron 
(Underwriters' Laboratory approved for 
oil burner applications) for maximum 
safety. Delco oil burner motors conform 
to NEMA standard performance and 
mounting dimensions. Available in split- 
phase design in % and “% hp ratings. 


CELLAR DRAINER MOTORS—Designed 
for vertical operation on domestic 
cellar drainer applications. Cast iron 
drip proof end frame on top end of 
motor designed to allow adequate 
motor ventilation and provide protec- 
tion against foreign particles. Pleasing 
streamlined appearance. Sturdy flange 
mounting bracket cast as integral part 
of end frame permits mounting of motor 
to supporting pipe. Double-sealed ball 
bearings used at both top and bottom. 
Shaft coupling assembled on shaft at 
factory for positive alignment between 
motor and pump shaft. Available for 


are protected with (Underwriters' Labo- 
ratory approved) Delco automatic reset 


the conventional float and rod type 
control method or for the non-guided 
Thermotron. Delco jet pump motors con- ! fioating ball method. Delco cellar 
form to NEMA standard performance p drainer motors conform to NEMA 


and mounting dimensions. Available in standard performance and mounting 


V4 hp split-phase rating, condenser- dimensions available in '5 hp split- 
start ratings in % hp through 1 hp. phase rating. 


SPLIT-PHASE MOTORS— Ratings from 1% hp through Y3 hp. Split- 
phase, induction-run motors for use where starting torque requirements 
are low. (Not appreciably greater than full load running torque.) 
Applications such as small power tools, office machinery, meat slicers, 
grinders, etc. Available with Delco's exclusive Thermotron, either auto- 
matic or manual reset type. Choice of either rigid or resilient mounting 
base. Delco general purpose split-phase motors conform to NEMA 
standard performance and mounting dimensions. 


CAPACITOR-START, INDUCTION-RUN MOTORS— Available in ratings 
from Y% hp through % hp. High starting torque characteristics with 
relatively low starting current and good accelerating torque combine 
to make a desirable motor for general purpose applications. For use 
on rotary and reciprocating pumps, refrigeration and air conditioning 
compressors and general farm and home labor-saving devices. Job 
fitted capacitor designed as an integral unit to provide best starting 
efficiency. Inherent characteristics assure a minimum of noise and 
freedom from radio interference. Available with Delco exclusive 
Thermotron, either automatic or manual reset type. Choice of either 
rigid or resilient mounting base. Delco capacitor-start motors conform 
to NEMA standard performance and mounting dimensions. 





DELCO 


MASS PRODUCER OF 
QUALITY MOTORS 


More than forty years of design and 
manufacturing experience is incorpo- 
rated into every Delco motor built today. 
In addition to its own vast facilities, 
Delco may at any time call upon world- 
famed General Motors Research for ad- 
vice in the solution of a particular prob- 
lem, should the need arise. 


Delco fractional motors, single-phase 
and polyphase, for appliance and in- 
dustrial applications, are everywhere. 
If your product—present or future—is 
planned in sufficient volume to support 
mass production of special or standard 
motors, it will pay you to consult with 
a Delco engineer. 


DELCO PRODUCTS DIVISION 


General Motors Corporation 


Dayton 1, Ohio 


ATLANTA DETROIT 
CHICAGO HARTFORD 
CINCINNATI PHILADELPHIA 
CLEVELAND SAN FRANCISCO 


DALLAS ST. LOUIS 
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ONENTS 


AND COM 


MOTOR-DRIVEN 
INDUCTION GENERATOR, 
GEAR TRAIN & SYNCHRO 
COMBINATIONS 


SERVO AMPLIFIERS 
ax 


MOTOR-DRIVEN b Transicoil servo systems feature integrated 
INDUCTION GENERATORS \ 4 


design—every component is made to match 
all the others . . . coordinated to insure 
maximum efficiency and top performance. 


PLUG-IN ASSEMBLIES OF For systems of your own design, Transicoil 
CONTROL MOTOR, GEAR can supply precision components de- 
TRAIN, POTENTIOMETER & signed to meet your requirements . . . their 
STNG effectiveness limited only by the restrictions 


you impose. MINIATURE CONTROL 


A : MOTORS 
Complete data will be sent on request. 


TRANSIGUIL 


CORPORATION 9? croni Steer 


New York 13, N. Y. 


Engineering-Sales Representatives in: 


BOSTON, MASS. * BUFFALO, N. Y. * CHICAGO, ILL. * CLEVELAND, OHIO * DALLAS, 
TEX. * KANSAS CITY, MO. * LOS ANGELES, CALIF. * MINNEAPOLIS, MINN. 
NETCONG, N. J. * PHILADELPHIA, PA. © PHOENIX, ARIZ. * SAN FRANCISCO, 
CALIF. * SEATTLE, WASH. * SYRACUSE, N. Y. * WASHINGTON, D. C. 
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PERFORMANCE IS PARAMOUNT 


PREFERRED WHERE 





SPECIAL FEATURES: 
€ Precision timing measuring 
hundredths of seconds to one 
minute. 

€ Automatic reset. 

@ Hermetically sealed. 

@ For operation on 50, 60, or 
400 cycles A.C. or 20-30V 
D.C. 400 cycle unit has D.C. 
clutch. 


SERIES /5700 CHRONOMETRIC D.C 
GOVERNED TIMING MOTOR 


@ Extreme aoccurocy — 1/10 of 1 


@ Wide range of voltage, temperature, 
load. 
@ Light weight . . . Compact. 


@ Reversible. 


TIME DELAY RELAY WITH ADJUSTABLE 
DIAL A.C. SERIES 11400 OR D.C 
SERIES 6400 


@ Wide selection of time range. 
@ Features ease of adjustment 
@ Flexible, compact design. 


@ Positive operation. 


REPEAT CYCLE TIMER A.C. SERIES 
13600 OR D.C. SERIES 3600 
@ Durable . . . Long life. 
@ Wide range of time cycles. 
9 Multiple control circuits. 


@ Easily adaptable to meet specific 
requirements. 


SEND FOR CATALOG 






A. W. HAYDON CO. 400 CYCLE MOTOR 
has improved performance for air- 
croft use. 

*$ Light in Weight — Small Compact 
Size. 

@ Now . - you can run timing 
systems directly from 400 cycle 
power. 

© Features fost stort and stop, as 
well as high torque, and revers- 
ability. 

€ Get all the facts 
A. W. Haydon Co. 
scribed below. 


in the new 
catalog, de- 


SERIES 5300 D.C. TIMING MOTOR 
@ Rugged, Accurate, Reliable. 


@ Compact... 
speed. 


Reversible, variable 


@ Special windings avoilcble for opera- 
tion from vacuum tubes or as 
tachometer generator. 


HERMETICALLY SEALED TIMER SERIES 
6400, 11400, 7900, 12900, 3600 


@ Maximum protection against weather, 
humidity, explosive atmospheres, and 
high altitude. 


@ Light weight, corrosion-resistant en- 
closure. 


@ Flexible design. 


DELAYED-RESET TIME-DELAY RELAY 


New time-delay relay uses basic 
“Series 6400" d-c. and "Series 11400" 
a-c. time delay relay. Makes possible 
delayed reset proportional to 
delay, and a circuit reclosure time 
proportional to length of 
interruption. Reset is controlled by 
escapement mechanism. 


time 


current 


AJ VJ: MJAYDON 


COMPANY 


244 NORTH ELM STREET 
WATERBURY 20, CONNECTICUT 
Design and Manufacture of Electrical Timing Devices 
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STOP CLOCK 


High Speed Stop Clock Accrued Seconds Indicator With Fluorescent 
Dial and Hands . . . Also Available For Other Intervals. 


This new, hermetically-sealed Stop Clock further enlarges the com- 
plete line of A. W. HAYDON COMPANY A.C. and D.C. Timers, 
time delay relays and timing motors. This accurate, panel-mounted 
timer totalizes hundredths of a second up to a minute. Hermetically- 
sealed, it weighs approximately 2 Ibs. Comes with automatic reset. 


L 





Extra-large ball bearings, sealed to keep 
grease in, dirt ovt. Need no attention for 
years! 

Insulated coil ends —R & M insulates be- 
tween all coil ends as well os phase groups, 
for 3 to 4 times greater insulating valve! 
"Clean-Sweep" Ventilation —R & M motors 





R & M manufactures a complete 
line of Totally Enclosed and Explo- 
sion-Proof motors from 1 through 
40 h.p. Direct Current and Single- 
Phase from 1 through 7% h.p. 


Need A Special Motor? 


Building "specials" to the customer's specifica- 
tions is an old story at R & M —electrical and 
mechanical modifications are no problem. C, 
D, and P flanges, 
mercial dynamic and special dynamic balanc 
ing—all are readily available to your order 
And to meet your demands for quick delivery 
we maintain a complete stock of mechanical 
parts for motors requiring electrical or mechan- 
ical modifications. 

Engineered motor parts for built-in applica- 
tions are another R & M service available to 
you. Our well-qualified staff of motor-applica- 
tion specialists will make prompt recommenda- 
tions. Call on them now—there is no obligation 


1 through 125 H.P. 


All these features at a standard motor price! 


stay cool and clean; high velocity air-flow 
stops build-up of dust and dirt. 
Full-height, shrouded end heads shield the 
motor against moisture and internal 
damage. 

Protected against rust and corrosion —in- 
side and ovt. 




























shaft modifications, com- 


Are you paying extra tor motor features 
that are standard with Re M P? 


Of course you want a top-quality 
motor... good performance of 
any motor-driven product de- 
pends on it. But if you're used to 
thinking of features like extra- 
large ball bearings, extra insula- 
tion and complete rust protec- 
tion as cost-raising motor 
requirements, take an extra look 
at the standard features of R & M 
motors. 

As a user of motors in quantity, 
naturally you will also want to 
know some of the facts about the 
advantage of having Robbins & 


Myers as a source of supply. For 
example, take delivery. Our com- 
plete stock of mechanical parts 
makes quick delivery of motors 
requiring electrical and mechan- 
ical modifications a matter of 
course. 

These facts are important. In 
short, they mean that R & M is 
big enough to serve—through its 


modern testing and production 
facilities and large staff of appli- 
cation engineers — but not too big 
for service. 


If you want the best possible 
motor performance— backed up 
with prompt service and de- 
liveries — write us today for 
complete information. 


ROBBING cz MYERS me. 


SPRINGFIELD 99, OHIO * BRANTFORD, ONTARIO 
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Wagner Quality Motors 


POLYPHASE 
SQUIRREL-CAGE 
MOTORS 





Wagner integral horsepower open type poly- 
phase squirrel-cage motors in frames 364 ond 
smaller are completely dripproof in the normal, 
sidewall or ceiling horizontal positions, because 
fhere are no ventiloting openings in the frame. 
Lorger open type motors are not dripproof, but 
dripproof construction for normal horizontal 
mounting con be supplied if required. 














High torque, high slip 
(approximate full-load 
slip 15 to 18%) 


RP-7 


WOUND-ROTOR POLYPHASE MOTORS 














ing speed. 








Normal torque, normal 
slip (approximate full- 


load slip less than 5%) 


High torque, normal slip 
(approximate full-load 
slip less than 5%) 


High torque, high slip 
(approximate full-load 
slip 5 to 8% or 8 to 13%) 





Continuous Duty... con- 
stant or adjustable vary- 


Intermittent Service... 
Crane and hoist duty. 


4-400 hp, 3- or 2- 
phase, 25 to 60 
cycles, all standard 
voltages. 


14-200 hp, 3- or 
2- phase, 60 cycles, 
all standard volt- 
ages. 


Ya-150 hp, 3- or 2- 
phase, 25 to 60 
cycles, all standard 
voltages. 


1-60 hp, 3- or 2- 
phase, 25 to 60 
cycles, 110 to 550 
volts. 


1 to 250 hp. 3- and 
2-phase, 25 to 60 
cycles, 110 to 550 
volts. 


2 to 200 hp. 3- 
and 2-phase, 25 
to 60 cycles, 208 
to 550 volts. 






















ELECTRICAL TYPES 


TYPE | CHARACTERISTICS | RATINGS | 


APPLICATIONS 


Group or individual drives on machine 
tools, fans and blowers, compressors, 
centrifugal pumps—on any application 
where normal torque motors are satis- 
factory. 


Crushers, plunger pumps, belt conveyors 
starting under load, large air com- 
pressors, large refrigerating machinery, 
mixers and other high starting torque 
applications. 


Punch presses, shears, metal drawing 
operations, balers and other machinery 
equipped with flywheels or having fly- 
wheel effect. 


Elevators, cranes, hoists, dumbwaiters. 


Conveyors, compressors, pulverizers, etc., 
requiring continuous operation. 


Elevator, crane, hoist and similar services 
requiring short periods of operation. 








ae 


SINGLE-PHASE MOTORS 





MOTOR TYPES 


CHARACTERISTICS 


Capacitor-start induction, 
high starting torque, normal 
starting current. For general 
purpose single-phase appli- 
cations 


Repulsion-start induction, 


high starting torque, low 
starting current. For general 
purpose single-phase appli- 
cations 


Repulsion-induction, high 
starting torque, for applica- 
tions involving a very long 
starting period 


Split-phase induction, low 
starting torque, high starting 
current. For easy to start 

| fractional hp applica- 


OPEN TYPE RATINGS 


Y%-3 hp, sleeve or ball bear- 
ings, rigid or resilient base 
115, 230 or 115/230 volts, 
25 to 60 cycles. 


Ya-15 hp. Sleeve bearings, 
rigid base all ratings; ball 
bearings through 7 2 hp; re- 
silient base through 12 hp. 
115/230 volts, 25 to 60 
cycles. 


1-5 hp. Sleeve or boll bear- 
ings, rigid base. 115/230 
volts, 60 cycles. 


1/20-V5 hp, sleeve or boll 
bearings, rigid or resilient 
base. 115 or 230 volts, 25 
to 60 cycles. 


MOTOR-TYPE VARIATIONS 


Type TK, totally enclosed non-ventilated 
Yo-Yo hp. 


Type TA, totally enclosed non-ventilated, 
4-3 hp. 


Type HA, totally enclosed non-ventilated 
explosion proof, hp. 


Type HG, totally enclosed fan-cooled 
explosion proof, 1-3 hp. 


Type TB, totally enclosed non-ventilated, 
1/20-' hp. 
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|  MULTISPEED MOTORS | 
SPLASHPROOF | 


Type XP-1, normal torque, 34-125 hp, and 
type XP-5, high torque, 3-50 hp. 50°C, 
single speed, ball bearing, rigid bose, 
horizontal. 


Multispeed squirrel-cage motors are used where more than 
one running speed is required, but where close speed ~~ 
regulation is not required. They are built with the some 
electrical characteristics and the same types of enclosure 

as single speed motors. 



















CHARACTERISTICS APPLICATIONS 


TOTALLY ENCLOSED NON-VENTILATED 


Type TP-1, normal torque, 4-15 hp. 55°C, single 
speed, sleeve or ball bearings, rigid base, 
horizontal. 








Constant Torque motors have 
the some torque ratings ot 

~ eoch speed ond the horse- 
se power varies directly as the 
speed. 


Typical applico- 
tions; stokers, con- 
veyors, printing 
presses. 









Variable Torque motors have 
torque ratings which are 
directly proportional to the 
speeds and consequently the 
horsepower varies as the 
square of the speed. 


Typical applica- 
fions; fans, blow- 
ers, centrifugal 
pumps and similor 
applications 


TOTALLY ENCLOSED FAN-COOLED 
Steel Frame Construction 

Type CP-1, normal torque, 1-250 hp; type CP-5, 

high torque, 3-75 hp. Standard. 

Type HP-1, normal torque, 1-250 hp; type HP-5, 

high torque, 3-75 hp. Explosion proof 















Constant Horsepower motors 
have the some horsepower 
rating at each speed and the 
torque varies inversely with 
the speed. 


Typical applico- 
tions; lathes, bor- 
ing machines and 
other machine 
tools. 


Cast Iron Frame Construction 
Type EP-l, normal torque, 2-250 hp; type EP-5, 
high torque, 3-75 hp. Standard 

Type JP-1, normal torque, 2-250 hp; type JP-5, 
high torque, 3-75 hp. Explosion proof 






GEAR MOTORS 


Wagner single-phase and polyphase squirrel-cage motors, open and 
enclosed types, combined with nationally known gear units. 1/20 


to 50 hp. with speeds and mountings to meet most requirements. 
Wagner can provide hermetic motors to power your equipment. 


HERMETIC MOTORS 
Wagner hermetic motors are available for both polyphase and 


single-phase applications. These hermetic motors, like all Wagner 
Motors, are backed by more than sixty years of motor building 
experience. Each Wagner hermetic motor is precision-built and 
carefully tested. 


INCREMENT TYPE 
MOTOR AND STARTER 
COMBINATION 


A low-cost combination of a 
polyphase squirrel-cage motor, 
wound with two parallel star 
circuits, and a magnetically oper 
ated two step increment type 
starter, which limits the inrush of 












DRY-TYPE TRANSFORMERS 


Type AE—Two coil single-phase. Ratings 1-10 
kvo—Designed for wall mounting, and suitable 
for indoor or outdoor installation. 15-100 kva— 
Designed for floor or plat- 
form mounting. For indoor 
service only. Type AP two 
coil three-phase dry-type 
transformers and single- 
phase and three-phase 
dry-type auto-trons- 
formers are also available. 


JET PUMP MOTORS 


Type RK—Single-phase, capaci- 
tor-start, open type, 40°C. with 
round frame, ball bearings, ond 
NEMA face type back endplote 
for horizontal or vertical end 
mounting. Built to NEMA stond- 
ard dimensions and performance, 
in ratings '4 to ! hp, 60 cycle 
3600 rpm, 50 cycle 3000 rpm, 
115/230 volts 


FAN DUTY MOTORS 


Type TM — Shaded-pole, totolly 
enclosed non-ventilated, no 
temperature rating, for shaft 
mounted propeller fons which 













draw air over the motor. 1/125, 
1/80, 1/40, 1/30 ond 1/20 
hp; sleeve beorings, round frame 
or with rigid or resilient bose 3 
speed reactor controllers con be 
supplied if specified. 









current at starting 





WAGNER ELECTRIC CORPORATION 
6406 Plymouth Ave., St. Louis 14, Mo., U.S.A. 






ELECTRIC MOTORS: 





TRANSFORMERS » 





INDUSTRIAL BRAKES 







AUTOMOTIVE BRAKE SYSTEMS — AIR AND HYDRAULIC 






M$1-14A 


BRANCHES IN 31 PRINCIPAL CITIES 
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FORD “317” INDUSTRIAL ENGINE 
V-8, 90° Overhead Valve Type 


INDUSTRIAL 
ENGINES 
lead the field! 


ea 
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|] 
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YOUR JOB IS WELL- POWERED WHEN IT'S FORD-POWERED! 


CLOSED POWER UNIT 
Available with 6 cyl. and V-8 cyl. 
Ford Industrial Engines 
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EXPERTS CONSTANTLY DEVELOP 
ENGINEERING ADVANCES 


J di 
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MATCHLESS FACILITIES FOR 


CONSTANT RESEARCH 


esc 


UNWAVERING HI-PRECISION 
STANDARDS FOR LONG LIFE 


Lee d 


MASS PRODUCTION METHODS 
BRING LOWER FIRST COSTS 
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Designers of powered machinery in many 
fields of industry are rapidly adapting their 
equipment to accommodate the newer type 
high-compression, low- friction engines of 
Overhead Valve design. 


Marked advances in the efficiency and 
economy of internal combustion engines have 
been developed through the facilities of 
Ford's vast Engineering Research Labora- 
tories. Under most exhaustive testing, the 
short-stroke Overhead Valve type, with its 
increased compression ratio and decreased 
friction, delivers more actual power at the 
clutch than was formerly possible in engines 
of comparable displacement. 


When you specify a Ford Heavy Duty 
Industrial Engine for your equipment, you 
get a complete "Power Package," precision- 
built, dynamometer-tested, fully equipped 
and ready-to-run. Ford Engine Assemblies 
and Power Units, ranging in displacement 
from 134 to 317 cubic inches, can be custom- 
built to meet special requirements of virtually 
all types of applications. 


We will welcome an opportunity to demon- 
strate convincingly that "Your Job is 


WELL-Powered when it’s FORD-Powered!”’ 


@ Ford Sales Engineers are always in the 
field and at your service. They will be glad to 
discuss your power problem and extend 
every assistance in helping you solve it by 
recommending the most efficient use of 
Ford Industrial Power in your application. 


INDUSTRIAL ENGINE DEPARTMENT 


FORD MOTOR COMPANY 


15050 Woodward Avenue, Highland Park 3, Mich. 


NATION-WIDE PARTS AND 
SERVICE AVAILABILITY 


INDUSTRIAL ENGINES 
AND POWER UNITS 





fit your application? 


to 1/12 HP. 1/40 to 1/20 H.P. 


1/40 to 1/20 H.P. 1/200 to 1/75 H.P. 1/50 to 1/13 H.P. 


J 


1/40 to 1/12 H.P. 


T TITYI 
AND D.C. 
MOTORS 





Here's How You Can Find Out! 


Write today, wire (Cyclohm, Racine) or phone our 

Sales Department (Racine 2-2731) and give us full information 
and specifications on your motor requirements. We will 
recommend the HOWARD motor that can be adapted to 
your job and samples will be made promptly for your 
engineering department test. Compare performance, 
delivery, quality. Be sure you have the full story before 
you select a motor — be sure you have the facts 

on HOWARD motors. 


HOWARD fractional h.p. motors are being used by 

many leading manufacturers of aircraft, business machines, 
appliances, cameras and projectors, electronic equipment 
portable power tools, sewing machines, vending 


machines and hundreds more. 


Check with us today on your quantity motor requirements. 


Will One of These HOWARD fractional h.p. motors 
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INDUCTION | 
MOTORS 


1/300 to 1/1400 H.P 
—3700 


nei p 


1/25 to 1/4 HP, 


1/25 to 1/15 H.P. 





HU amon 
"Saas 


UNIVERSAL and 
DIRECT CURRENT MOTORS 1/1000 to 1/2 H.P. 


SHADED POLE MOTORS 1/2000 to 1/8 H.P. 
INDUCTION MOTORS 1/1400 to 1/4 H.P. 


HOWARD 


DEPT. PE-6 HOWARD INDUSTRIES, INC, 
RACINE, WISCONSIN 





DIVISIONS: 
EMC ELECTRIC MOTOR CORP. QS erem MOTOR CORP. 


RACINE ELECTRIC PRODUCTS 


SPECIALIZED ROTATING 
ELECTRICAL EQUIPMENT 
ALTERNATORS * BLOWERS * MOTORS 





| INDUCTION 60 and 400 cycles Variable and Dual Frequency Induction Motors 
MOTORS Single, two and three phase Motors for use on aircraft variable frequency supplies 
operation. 1/1500 to 1/3 H.P. to drive fans, blowers, pumps, etc. Other EAD motors 
1” to 6-5/8” in diameter. for use on dual and special frequency supplies. 


SERVO 
MOTORS 





Small, precision motors 


SYNCHRONOUS MOTORS GEAR MOTORS ee- maniri an 


and for other special 
Hysteresis and Salient Pole Types 


Precision units giving high purposes where low 
| 60 and 400 cycles. € 1/1500 to 1/3 H.P. torque with wide variety inertia and high torque 
| 1” to 6-5/8” in diameter. of gear ratios. Powered by ratings are desirable. 
| Dual speed, permanent magnet and 60 cycle, 400 cycle or 


D.C. excited units also available. variable frequency motors. 


—— 





ALTERNATORS 


2. Low Harmonic Content: 3. Dual Frequency: 





| 1. Power: units capable of units capable of _ 
| , s delivering a sine wave producing a combination 
} up to 400 volt-amps. with less than 2% total of frequencies and 

wide frequency range. distortion for instruments voltages for special 


and test equipment. applications. 


> S w 


BLOWERS A complete line of lightweight, compact fans and blowers 
for cooling electronic equipment or for generai purpose use. 

and FANS Capacities range up to 1000 CFM with special designs 
available for high static pressures. Single and double 
ended — 60 cycle, 400 cycle and variable frequency. 
















D.C. TACHOMETER _ These D.C. voltage generators provide a 
: voltage signal proportional to speed, 
GENERATORS with high linearity for tachometer and A - 


ejt 4 
control applications. 





EASTERN PY]: DEVICES, INC. 585 DEAN st. BROOKLYN 17, N. Y. 
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FIT THE JOB 


ENGINES / 


TYPICAL EQUIPMENT AND SERVICE APPLICATIONS 














Single Cylinder Engines * 3 to 9 hp. 

















Supplied in six different models, in a power range from 3 to 9 hp. 
Wisconsin 4-cycle single cylinder Air-Cooled Engines offer selec- 
tivity that provides complete usable power, as components on 
original equipment, without power waste. All of these engines can 
be furnished with reduction assembly, clutch assembly, or as stand- 
ard engines with extended crankshaft, for ready mounting of driving 
member. All models are equipped with tapered roller bearings at 
BOTH ends of the crankshaft for maximum heavy-duty serviceability 
and protection against bearing failure. 





All Wisconsin Engines are furnished with rotary type, high tension 
outside magneto, equipped with impulse coupling for quick, easy 
starting at low cranking R.P.M. Torque curve of single cylinder 
models peak at approximately midway of R.P.M. range. 


SPECIFICATIONS 
MODEL 












ABN 





AKN AEN 





AFH AGH AHH 


















— BORE 214" 2%" s” 34" YA 3%" 
a] STROKE 234" 234" 34" 4" 4" 
At] | No. of CyLINDERS 5 i l ^ 
DISPL. CU. INCHES 13.5 17.8 23 33.2 38.5 41.3 
H. P. RANGE 2.2—4.6 31.2—6.2 4.5—8.25 &0—72 7.22—84 723—923 
SPEED RANGE— 
RPM 1600-3500 1600-3600 1600-3600 1600-2200 1600-2200 1600-2200 
NET WEIGHT, LBS. 
Standard Engine 76 76 110 180 180 180 
Added Weight for 
Clutch 26 26 35 35 35 35 
Added Weight for 
Reduction i8 18 25 60 60 60 


Added Weight for 


Clutch Reduction 6c 8c 











































NEM and 4-cylinder Engines * 7 to 36 hp. 
— 
TO FIT THE 
These engines provide smooth power range continuity from the E MACHINE 
1 single cylinder series through two 2-cylinder models and the V-type 


4-cylinder models tabulated in specifications. For equipment oper- 
e | ating under variable power loads, such as small tractors, com- 
TA 


bines, baling presses, concrete mixers and comparable mobile or 


t : : y i 
stationary equipment, these engines offer extremely flexible power, 
| ideally suited both to the machine and the job. 
-h 
x All heavy-duty features are incorporated in these engines and they 
JT may be supplied with special equipment as listed below, and multi- 
Bite cylinder models as completely housed Power Units. 
SPECIFICATIONS 





b | MODEL TE TF VE4 VF4 vVG4D 
, 1 BORE g” 34" 3 3! 34" 
JL STROKE 314" 314" 34" 34" 4" 
IR No. of CYLINDERS 2 2 4 4 4 
] DISPL. CU. INCHES 45.9 53.9 91.9 107.7 154 
u =~ | H.P. RANGE 72—11.2 87—14.6 13-215  15—25 25—36 
T SPEED RANGE — RPM 1400-2600 1400-2600 1400-2400 1400-2400 1400-2200 
| NET WT. IN LBS 
| Standard Engine 210 210 295 295 410 
; a Standard Engine with 
, ^ Side Mount Tank 220 220 315 315 440 
pe Standard Power Unit 255 255 355 355 495 
Tot Added Wt. for Clutch 35 35 40 40 100 
, 6$ ME Added Wt. for Reduction 65 65 
A Added Wt. Clutch Re- 
duction 85 85 90 90 150 





n 1 SPECIAL EQUIPMENT: Variable speed controls, electric starting, Stellite-faced 

exhaust valves ond valve seat inserts, clutch toke-off assemblies ond reduction 
1 assemblies can be furnished on all models. Clutch reduction assemblies available 
4| | for larger single cylinder and all 2- and 4-cylinder models. Special equipment 
1 must be specified at time engine is built. 


^ NOTE: write for your copy of new 64-page catalog illustrating more than 260 
original equipment service applications of Wisconsin Heavy-Duty Air-Cooled Engines. 


E. = ^d WISCONSIN MOTOR CORPORATION 


World's Largest Builders of Heavy-Duty Air-Cooled Engines 


MILWAUKEE 46, WISCONSIN 


Leland repulsion-start, 
induction-run standard 
motor in drip-proof 
open frame provides 
high starting torque 
for many general- 
purpose applications. 


Leland explosion-proof 
ether pump motor. 


Leland explosion-proof 


Leland explosion-proof 
gasoline pump motor. 


Leland flange-mounted 
oil burner motor. 


hose reel motor. 


See AMF's new, exciting television show, “OMNIBUS”, every Sunday. Check local paper for time and channel. 


Heo 
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... Look t0 Lau / 


9 Pioneer developers of 
explosion-proof motors for 
many purposes. 


Leland serves the needs of Original Equip- 
ment Manufacturers...offers them unusually 
close and effective engineering liaison... 
supplies them with motors that are not only 
right for the application, but also extremely 
free of service difficulties. 


Since Leland engineers developed their first 
Underwriters’ approved, explosion-proof 
motor 30 years ago, Leland has consistently 
maintained leadership in this field. Today, 
Leland explosion-proof motors power more 
gasoline dispensing pumps than all other 
makes combined. Low-voltage, battery- 
operated Leland explosion-proof motors 
drive hose-retracting reels on modern airport 


T LELAND. 


€ Builders of fine motors, 1/6 to 
5 HP—open, enclosed, explosion- 
proof — various electrical types. 


€ Noted for creative engineer- 
ing of electric motors for many 
special applications. 


fueling and crash trucks and on fuel oil 
delivery trucks. Even the ether pump motors 
in many hospitals bear the Leland name on 
their explosion-proof labels. 


Take advantage of Leland's wide assortment 
of motor types and designs, in the range from 
1/6 to 5 horsepower. Whether you require an 
open, enclosed, or explosion-proof motor, 
you'll find the same high quality and depend- 
ability in a Leland motor as you have 
endeavored to build into your own product. 


For a more detailed picture of Leland's 
facilities for motoring your products, please 
write for Bulletin 201-B. 


ELECTRIC^ 


DAYTON !, OHIO 


Division of AMERICAN MACHINE & FOUNDRY COMPANY, New York 
In CANADA, Leland Electric Canada, Ltd., Guelph, Ontario 


O prodeets 
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HAYDON 


AT TORRINGTON 
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TIMING 


P A 


HEADQUARTERS FOR TIMING MOTORS 








Timing Motors and Time Control Devices are the only 
products manufactured by HAYDON*. We specialize 
in the manufacture of timing components for standard 
applications and in the design and mass production 
of custom-engineered timers for volume applications. 
The basic element of all HAYDON timers is our own 
rugged industrial motor. 













































The 4400 Series offers very 
slow output shaft speeds for 
all normal duties. This motor 
is unique in providing the 
speed range available in 
such small space, with totally 
enclosed gearing, at com- 
paratively low cost. Affords 
many possibilities for eco- 
nomical design without resort 
to the bulk and expense of 
external reduction gearing. 


The HAYDON 9200 Series 
D.C. motor for timing appli- 
cations is designed for oper- 
ation from 6 to 30 volts. It 
can be supplied uncalibrated 
for use with external resist- 
ance or calibrated with resist- 
ance type leads. 


The 9250F Series D.C. motor 
provides the more uniform 
torque and speed character- 
istics of a unit wound for 28 
volts, and has an R. F. Inter- 
ference filter. The current 
9200 € m ae is lower 
and no calibration is re- 

9250F quired. 



















































































1600 

























6700 


The 1600 Series is the basic 
motor of the HAYDON line. 
This m^tor offers dependable 
performance, small size, 
total enclosure, operation 
in any position, controlled 
lubrication, simple assembly 
and a wide range of stand- 
ard speeds from 60 to 1/60 
rpm. Can be supplied to 
military specifications. 


The 3100 Series motor con- 
sists of the basic HAYDON 
motor and a heavy-duty gear 
train in a round housing. 
Designed for applications re- 
quiring higher torque at slow 
shaft speeds, this unit is par- 
ticularly suitable for chart 
drive use in recording and 
control instruments. 








The 6700 Series 400 cycle 
timing motor is an hysteresis 
type synchronous timing 
motor, essentially two phase. 
It is furnished with capacitor 
for self starting operation on 
single phase. Variations in 
temperature, voltage and 
heat do not affect timing, 
which is as accurate as the 
frequency control. 


*TRADEMARK Rec. U.S. Par. OFF. 


| HAYDON Manufacturing Co., Inc. 


Subsidiary of GENERAL TIME Corp. 
300 ELM STREET, TORRINGTON, CONNECTICUT 
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CONTROL DEVICES 


TIME 


The 7008 Series Elapsed 
Time Indicator is designed 
specifically for 400 cycle 
operation in airborne equip- 
ment. Barrel diameter is 
1.525”, length 24%,'", weight 
6 oz. Power consumption is 
less than 3 watts and it indi- 
cates in units of tens of hours 
up to 10,000 and repeats. 


The 5103 Series Time Delay 
Relay is an hermetically 
sealed timer for military 
applications. It can be sup- 
plied for 60 or 400 cycle 
A.C., or D.C. The use of a 
relay coil for switching oper- 
ation imposes a minimum 
load on the motor which is 
assigned to its true function 
as a time standard. 


The 5800 Series Timers offer 
extreme flexibility and 
adaptability for timing prob- 
lems requiring continuous re- 
peat cycling, or single cycle 
operation to be initiated by 
an external circuit. These 
HAYDON timers are built 
up by various combinations 
of motors with adjustable, 
blank or specially designed 
cams operating a series of 
precision snap switches. 


5800 


The 5700 Series Elapsed 
Time Indicators provide sim- 
ple, compact and accurate 
metering of elapsed time for 
60 cycle operation. They are 
designed for use as inexpen- 
sive components for equip- 
ment requiring register of 
total operating or job time, 
or with existing machinery 


and devices. 


The 5900 Series Time Delay 
Relays provide time delay or 
interval timing in various 
ranges up to 10 minutes for 
such applications as the pro- 
tection of power tubes, or 
timing portions of a complete 
cycle of operation. 


The 8006 Series is a rugged, 
heavy-duty intervel timer for 
general commerial, industrial 
and appliance applications. 
Construction is the simplest 
possible, for low cost and 
long life, consisting basically 
of a standard HAYDON 
synchronous motor driving 
through external reduction 
gearing a notched cam to 
operate a heavy switch, with 
a friction to permit setting. 


WRITE FOR FREE LITERATURE 


— tell us where your interest lies and we'll 


send complete appropriate information. 
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in engineering, designing and manufacturing electric 
motors has earned Howell a position of leadership in this 
field. Highly skilled craftsmen and modern manufac- 
turing techniques combine to supply motors of proved 
reliability. A nationwide organization of well- trained 
sales engineers stands ready to assist you in the solution 
of motor application problems. Howell ingenuity thrives 
on the hard jobs. In our files are more than 19,000 elec- 
trical design specifications made to meet the varied and 
exacting requirements of individual customers . . 
Howell Motor is job-engineered. 

Howell Motors are available from % to 500 h.p. in 
a wide variety of mechanical and electrical variations. 
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ENCLOSURES Drip-proof (open-type), totally enclosed, MOUNTINGS Horizontal, vertical (shaft up or down), 
weather-protected, explosionproof, sani- NEMA face or flange, special mountings 
tary, splashproof AUXILIARIES Disc-type motors, gear motors, brake 
ELECTRICAL Voltages — 24 to 4800; frequencies — 25 motors 
CHARACTERISTICS to 480 cycles; speeds — constant (0 to MODIFICATIONS — Motors with special shafts, mountings, 
28,800 rpm) or multi-speed (2, 3 or 4 flanges, bases, frequencies, voltages, in- 
speed); reversing — as many as 90 free sulation, performance or applications will 
reversals per minute; insulation—NEMA all be furnished in the same dependable h 
Classes A, B, H or Special A; thermal manner as standard motors; couplings, 
protectors available for all motors zero speed switches, brakes and other 
Polyphase motors normal torque; nor- — 839€ ——A Si 
mal torque, low starting current; high duction-type frequency converters are 
— low pw — high slip; also available 
elevator; crane and hoist; torque; con- 
stant torque; variable remitente CONSTRUCTION All rotors are of copper or copper alloy 
horsepower; wound rotor; part winding; FEATURES construction and are dynamically bal- T 
reluctance synchronous anced at rated speed; complete insulation 
in each slot cell, between top and bottom 
Single-phase motors — capacitor start, in- coils, and between all phase groups; sta- - 
duction run; capacitor start, elevator; tors are impregnated twice with phenolic Jo 
permanent split capacitor; two value resin base varnish and twice baked a 
— — APPROVALS NEMA, JIC, ASA, AIEE, Underwriters’ cc 
COOLING Nonventilated, fan-cooled, auxiliary- Laboratories, CSA, 3A, Federal, U.S. " 
cooled Navy, Marine pi 
ql 
HOWELL SALES AND SERVICE OFFICES w 
Atlanta, J. L. Underwood Co., Inc. Detroit, Howell Electric Motors Co. Richmond, Va., Herbert J. Baer Sl 
Battle Creek, Howell Electric Motors Co. Grand Rapids, Howell Electric Motors Co. Rochester, N. Y., A. F. Zissler re 
Birmingham, Birmingham Industrial Houston, Wm. E. Brice Co. Rockford, Ill., Howell Electric Motors Co. e 
Machinery Co. Indianapolis, Glenn E. Bound Saginaw, J. George Fischer & Sons, Inc. 
Buffalo, A. F. Zissler Kansas City, Mo., W. C. Carolan Co. St. Louis, Bates Sales Co. W 
Cedar Rapids, Globe Machinery & Supply Co. Los Angeles, Robert A. Young & Co. Salt Lake City, Campbell-Elsey & Co. n 
Charlotte, Piedmont Engineering Corp. Louisville, Wilhelm & Schnur Electric Co. San Francisco, Monarch Supply Co. 
Chattanooga, Dixie Industrial Service Co. Memphis, Equipment Sales Co. Santa Clara, Calif., Monarch Supply Co. 
Chicago, Howell Electric Motors Co. Milwaukee, Holt Electric Motor Co. Syracuse, A. F. Zissler sl 
Cincinnati, Howell Electric Motors Co. Minneapolis, Alton M. Johnson Co. Toledo, H. M. Hoot R 
Cleveland, Howell Electric Motors Co. New Orleans, Wm. S. Huey Utica, Robert H. Schaub Co. h 
Davenport, Globe Machinery & Supply Co. New York, C. H. Ribble Co. | 


Washington, D. C., Irving M. Day Co. 
Wichita, Murdock Electric & Supply Co. 
Worcester, Machinery Electrification, Inc. 
York, Pa., Earle L. Moreland 


OWELL MOTORS 


HOWELL ELECTRIC MOTORS COMPANY, HOWELL, MICHIGAN 





Denver, Hathaway-McCartney Engineering 
& Supply Co. 
Des Moines, Globe Machinery & Supply Co. 


Omaha, Henry W. Miller Electric Co. 
Philadelphia, C. C. Lucas, Jr. 
Pittsburgh, Edw. J. Boyle Co. 











OWELL 
Red Band 


MOTORS 











Manufacturers of precision-built motors for industry since 1915 


Product Engineering — 1954 Annual Handbook 








COMPLETE MOTORS—a wide variety of standard designs or 
economically custom-designed to meet special problems. 






MATCHED MOTOR PARTS, standard or custom 
designed, produced to close tolerances. 


How to Select the Fractional HP Motor 





That's Exactly Right for Your Product 


H E most important single factor 

in motor application in any prod- 
uct is to get the right motor for the 
job. That's why R & M offers such 
a wide variety of type and sizes of 
complete motorsand matched motor 
parts. 

But you may have special re- 
quirements that a standard motor 
won't meet. If so, we'd rather de- 
sign a special motor to meet those 
requirements than see you take an 
“off-the-shelf”? compromise. That’s 
why we also custom-design, eco- 
nomically. 

Ordinarily custom-designing is a 
slow, expensive process. Here at 
R & M things are different. We 
have designed the unique R & M 





The unique R & M “Electrical Slide Rule,” that 
computes motor performance in minutes, in- 
stead of days or weeks— makes custom- building 
practical and economical. 


"Electrical Slide Rule." This is a 
motor performance computer that, 
in a matter of minutes, gives the 
designer the answers to a compli- 
cated set of formulas that usually 
takes a day or two to work out. 
Naturally it’s to your benefit: as 
well as ours to offer this service. 

Our small motors have a gratify- 
ingly low failure rate. We do some 
special things to assure this— dia- 
mond-turned commutators; special 
varnish impregnation; glass insula- 
tion where temperatures require; 
and so on. 


Some Typical Applications 


Advertising Devices Business Ma- 


chines... Recording Equipment... 
Projectors... Hedge Trimmers.. 
Lawn Mowers... Polishers... Waxers 


... Drink Dispensers... Food Mixers 
...Hair Dryers...Vibrators... Dish 
Washers...lroners... Refrigerators 
... Vacuum Cleaners. 


Power Tools Drills . . . Grinders 
Nut Setters Screw Drivers 
Routers... Planers... Sanders 


Saws. Hammers Die Sinkers 
Nibblers Polishers Velve Grind 
ers... Hones Grease Guns 
Compressors . .. Pumps Oil Burn 
ers Sirens... Ventilating Equip 
ment... Dental and Surgical Instru 
ments. 


Have You These Bulletins? 


Write for those you'd like to have: 


Motor Parts for 
Portable Tools 
Universal Motors 
Capacitor Motors 
Universal and D¢ 
Motors 
R & M “All-Weather” | 
Motors—up to 125 HP 


Let Us Tell You More 


We have built millions of small motors 
for thousands of different applications 
We feel well qualified, with engineer 
ing skill and experience, and ample 
manufacturing facilities, to help you 
solve your problems. It won't cost 
you anything to find out, of course 





All- Weather” is an R & M Trademark 


KOEEIN9 = MYERS, inc. 


MOTOR DIVISION: SPRINGFIELD 99, OHIO * BRANTFORD, ONTARIO 
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Fractional & Integral Electric Electric & Hand Moyno Propellair Industrial 
Motors & Generators Fans Hoists & Cranes Pumps Ventilating Equipment 






































































NEMA 


Standardized Type C Face Mountings 


A2 Frame 


66 Frome 


We welcome c chance to give you more details on these 


A versatile line of high quality, precision made 
motors in ratings from 1/30 to $ horsepower; use 
by leading equipment manufacturers on a growing 
list of applications. 

The large number of special types now in pro- 
duction permits the adaptation of present castings, 
windings and mountings tO meet new design prob- 
lems ata minimum of expense- 


Long Shaft Motor vsed for 
Coolont ond Air Conditioning 


Circulating Pumps 


Motor Parts for Industrial Oil Burners 


Two-speed Exhaust 


Fan Motor 


Electric V 


CEDARBURG WISCONSIN 
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C 
C 


ms 


di | d " ! 
802 HOMER AVENUE ( d i LO] 
MARK OF TIMIN LEADER 


[€ TEN: 


Hobbed gears 


Minimum friction Continuous 
on rofor bearings lubrication 


Controlled 
lubrication of 


terminal bearing 


Shading coil 


Sealed rotor unit 


For automatic devices, instruments, control oil reservoir sealed into the dust-free rotor unit 
equipment—wherever time is a factor in product 
performance—Telechron Synchronous Timing 
Motors are your best assurance of dependability. 


With Telechron motors, you get the benefit of 
dependable Application Engineering Service. En- 
gineering specialists in timing problems study 

Telechron motors are CONTINUOUSLY ACCURATE your requirements . . . torque, temperature limits 
... because they’re true synchronous motors with running period, etc. . . . recommend the motor 
one rotation for every cycle of the alternating cur- best suited, and at lowest cost. 
rent source. Lightweight rotors enable virtually Write for complete catalog and application 
INSTANT SELF-STARTING . . . reach full speed in data sheet. Telechron Department, General 
approximately 3 cycles. All gears and bearings Electric Company, 802 Homer Ave., Ashland, 
are PERMANENTLY LUBRICATED . . . by a generous Massachusetts. 


SPECIFICATIONS 


Torque— pound-inches Over-all dimensions | : Shipping 


2-17/64 x 2-3/4 x 1-63/64 


+ i 
.018** 2-3/16 x 2-9/16 x 1-5/16 





2-5/16 x 2-1/2 x 2-3/8 





4M 


1 rpm. i . 5 3-3/8 x 3-9/16 x 2-13/16 
9 
4 








0.80 3-3/8 x 3-3/4 x 3-3/4 
0.40 
0.20 
— $— — — 
IM-o*** 1 rev. in any of following periods 3-1/2 x 3-1/2 x 2-11/16 
Minutes—5, 15, 30, 60 
Hours—1, 2, 3, 4, 6, 8, 12, 24 
Days—1, 2, 3, 7, 14, 30 

















A ansam 


* Standard direction of rotation facing terminal shaft end— clockwise, except for IM-9 which 
rotation available in some models 

* * Intermittent maximum peak torque .375 dependent on duty cycle | 

* * * Type IM-9 provides a totally enclosed circular gear train. Adaptable to most instrumentation and especially for chait drives | 


Type IM-9 Has special backlash eliminators. | 


counter-clockwise. Reversible 


—— ——Ó 
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PROTECT YOUR*— | Catalogs 
from Hd 


OVERHEATING and 


* Bearings, oil lines, 


NO EXTRA CON- 
chemical processes, TROL PANEL SPACE 


heating ducts, coolants, etc. TE Bulletins 


Request additional information using 
NEW postcards following page 24 


MONITOR UNITS LO- 
CATED WHERE SPACE 
TEMPERATURE — : sve (T-1) MOTOR CONTROLS — A: 


INDICATING oO row-Hart & Hegeman Electric Co 


oe Catalog 11, 190 pp. Complete informa- 
& tion on type RA motor controls, con 


ALARM SYSTEM sisting of magnetic contactors, and 


reversing contactors. Also data on a 


line of manual starters, push button 
The Edison Omni-Guard stations, and interchangeable control 


Monitor will protect your units, midget relays, limit switches, and 
r : ‘ push button selector switches 
investment in equipment— 


prevent production delays TWO STANDARD 


Sordliwiass (T-2) MOTOR CONTROL HAND 
— reduce repair costs —and CONNECT. EACH BOOK-—Allen Bradley, Catalog, 9? 


POINT TO THE pp. Complete specifications on the 
—— pum - CONTROL PANEL. ovid : linc of. d-c apparatus, drum 
other duties. switches, rheostats, speed regulators, 
starting and magnetic switches, push 
button limit switches, accessories, syn 
Reduces Installation Costs by 50% or more. Alarm panel units can be grouped : enge aaah n many illustra 
as and where needed — close to the protected equipment or in the control room. tions and installation. hints 
Resistance thermometers can be installed in practically all types of equipment 1 Mae 
and require minimum of wiring installation. (T-3) CONTROLLED OPERA 


è : TIONS--Eagle Signal Corp., Catalog, 
Low Equipment Cost. Buy only the number of units you actually need. Add 50 pp. Describes a line of reset timers. 
more points later, as required, in form of plug-in units. multiple circuit reset timers, repeating 
cycle timers, revising timers, and a re- 
set counter. Contains wiring diagrams 


One Indicator Serves Multiple Points. Plug-in feature provides direct tem- 
perature reading at each position or from control room without requiring 
compensation for ambient conditions. Spot check of temperature, or continuous illustrations, and complete specifica 
observation to determine rate of change. 


tions for each model 
Each Circuit Independent of Others. Each circuit is "on guard" at all times. 


No scanning or circuit switching to delay alarm. Warning sounds the instant (T-4) MOTOR GENERATOR REI 


trouble occurs. ERENCE BOOKLET—Allis-Chalmers 
Absolute Dependability. No electronic tubes. Monitors without moving parts. Mfg. Co. Booklet 51R7933, 50 pp 
Relay contacts operate only during alarm. Nothing to "wear" out. No adjust- Assists in the selection of motive pow 


ments or maintenance to complicate your problem. er to handle most industrial applica 


ss : ° e ° . Oo g at f various types, 
No Personnel Training Required. Alarm light positively identifies trouble tions. Has illustrations o " pe 


à " a : d "Trà 4 ngineering lata 
point. No switches to operate or leave in wrong position. Personnel are free wiring diagrams, and eng Bt 
to perform other duties. on each type. Covers d-c motors; d« 


A i ; ids i : generators; induction motors; all types 
Individual Alarm nn men c ems Individual m for alarm of motor-generator sets; synchronous 
ratur vi wit v v 1 : 7 
temperature is provide ccessible out removing cover of unit motors: and data on motors in general 
Write now for new Bulletin No. 3036 just off the press. 


(T-5) AUTOMOTIVE ELECTRIC 


2 I Ql IIPMENT We stinghouse Elec 
tric Corp. Booklet B-5651, 36 pp Dis 
i cusses the characteristics of motors 
Boome, Q Edin. 


controls, packaged drives, dynamome 

INCORPORATED ters, and other types of electrical ap 
Instrument Division paratus Each type of equipment is 

> . place in th 

23 Lakeside Avenue, West Orange, New Jersey appraised in relation to its f lace € 
production line Design and test pro 


= You Can Always Rely on Edison edures are also described 
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PEERLESS MOTORS 


CAPACITOR MOTORS uietness and low mainte- SPECIAL TYPE MOTORS Vertical motors, flange 
nance recommend s motor. Simplicity of construction motors and a great variety of other special types are 
permits fewer wearing parts and service is practically being produced for many of the nation's leadin 


eliminated. ment manufacturers 


REPULSION MO ORS 


POLYPHASE MOTORS — Economica! in induction run c 


operation and little iintenance re short circuiting 
quired. Peerless 7 e motors use a proof, rugged sle > 
laminated stee id copper rotor that is type. All features and cor 


practically indestructible. NEMA standards. 


Peerless Electric specializes in designing and building job-matched, 
custom-built electric motors for quality equipment manufacturers. Peerless does 
not pull a motor off the line and merely change a nut or bolt — it works hand- 
in-hand with your design engineers to create the specific motors you require and 
Peerless is equipped to build them on large or small production runs. If the 
motor you need is from 1/2 HP to 15 HP in NEMA or special frames, you'll 
do well to talk it over with us. 

A letter, wire or phone call starts the ball rolling. If necessary, we'll fly 
a im auc Ad 
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KOHLER 


PRECISION CONTROLS 


Eugine Primers for Tudustriial Applications 


Kohler engine primers, available in two sizes, suction and discharge strokes and also prevents 

eliminate the usual causes of primer failure. They handle leakage. This gives 100% displacement of 

are used by leading Diesel engine manufacturers, fuel and assures a steady even flow to the com- 

builders of personal planes, by engine starting bustion chamber. A ground seat and machined 

system fabricators and for other applications. seating pin on the piston tip eliminate fuel seepage 
Ball checks open and close alternately with and flooding when primer is not in use. 


each stroke to insure a complete suction stroke These light-weight aluminum primers operate 
and a complete discharge stroke. Two synthetic with gasoline, oil or ethyl ether. Call on us for 
"O" rings produce a seal which maintains the your next engine primer requirement. 


Kohler Co., Kohler, Wisconsin. Established 1873 


KOHLER or KOHLER 


\ 
PLUMBING FIXTURES * HEATING EQUIPMENT + ELECTRIC PLANTS + AIR-COOLED ENGINES + PRECISION CONTROLS 
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Choose 





SINGLE PHASE: 


Split Phase Induction— 4, 4, Ya H.P. 
Capacitor— 'Á to 20 H. P. 
Repulsion start, brush lifting, 
induction— A to 20 H. F. 
Write for Bulletin Nos.: 
- Split Phose . . . . . . 1-5PI 


Cepadiet . . . « « « HIG 
Repulsion Start . . . . 2-1PI 


SELECTIVE SPEED 
DRIVE: 


A complete line of adjustable 





























speed drives for coordinating all 
kinds of production processes 





Write for Bulletin No. 11-1P1 


| POLYPHASE: GEAR MOTORS: 


Ye to 15 H.P., single, double and 
eeeteeeeee eeeeeeeeeeeeeeseeeeeeel Seeeeeeeeeeeeeeeeeeeeeeeeeeeeee 


triple gear reduction 
) DIRECT CURRENT: GENERATORS: 
All capacities—' to 300 H. P. AC, .63 to 250 KVA 
Write for Bulletin No. 10-1P1 DC, .75 to 200 KW 
Write for Bulletin Nos.: 
AC, .63 to 250 KVA—18-1P21 
DC, .75 to 200 KW—18-1P1 


Motors listed above are available in Open 
Rated Drip Proof, Splash Proof, Totally 
Enclosed Fan Cooled and Explosion Proof 
frames—and with a dozen different methods of 
mounting. They are unusually quiet starting 
and running and unusually free from vibration. 


Squirrel Cage Induction— 
Vs to 400 H. P. 
Wound Rotor Motors—1 to 400 H. P. 
Synchronous Motors—20 to 150 H. P. 
Write for Bulletin Nos.: 
Squirrel Cage, Drip Proof—é-1P 1 
Squirrel Cage, Splash Proof—6-1P3 
Squirrel Cage, Enclosed Fan Cooled—é-1P4! 
Squirrel Cage, Explosion Proof—é-1P45 
Wound Rotor—$6-3P1 
$ynchronous—6-5P 1 


Write for Bulletin Nos 


Vs to J4 H.P. . 4-5P21-61 
V to I5 H.P.. . 4-1P31 











To CENTURY ELECTRIC COMPANY 
1806 Pine Street, St. Lovis 3, Mo. 


Please send me the following bulletins | 


(All in numbers here) 










N Title 
Cw CENTURY ELECTRIC COMPANY a 
ompon 
( 1806 Pine Street, St. Louis 3, Missouri oa " 
ress 
N Off nd Stock Points in Principal Cities 
ves "m City Zone State 
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10,000 WATTS 














































MODEL 10CW 
10,000 watts A.C. 


ONAN (0 (IN) Electric Plant 


Costs less than any other 
Check these complete electric plant! 
advantages! 


You can’t match it anywhere in perform- 
ance, equipment or value! Wherever you 
need an independent source of electricity 
... for traile-s, cranes, loaders, any kind 
of mobile equipment, the Onan CW has 
many exclusive advantages. It is compact, 
lightweight, and amazingly quiet-running. 
Its exclusive Uni-Duct vacuum cooling 
system simplifies installation. All moving 
Full-pressure lubrication, 6-quart and heated parts are safely enclosed. Air- 
oil capacity, oil filter cooling avoids trouble from leaking o- 
impulse-coupted: Knh-tension freezing of coolants. Unit-built, direct- 
magneto ignition; radio sup- connected construction and massive bear- 
pressed ings assure long-life and minimum main- 
É Quiet, vacuum air cooling of tenance. 
generator and engine 


* Excellent accessibility; snap-off 
housings. | Model 5CW 


% Extremely quiet running 5,000 watts 

X High performance generators Same advanced design 

* Completely equipped with con- as the JOCW with all 
trols and instruments its exclusive advantages. 


* High capacity for big jobs. 

X Twin-cylinder, horizontally-op- 
posed, air-cooled, alternate- 
firing engine 
Aluminum-alloy cylinder heads. 
Extra-large, replaceable bear- 


ngs 


































































































Built for heavy duty, eco- 
nomical operation. 











Write for Detailed Specifications! 


parr, D. W. ONAN & SONS INC. 


6869 University S.E., Minneapolis 14, Minnesota 



















H 72 Product 


(T-10) VERTICAL MOTORS—U.S. 
Electrical Motors Inc. Bulletin F1454- 
60M, 16 pp. Range of verticlosed mo- 
tors extends from 11/4 to 400 hp. 
Engineering data includes discussions 
of tandem bearings; dual balancing of 
rotors and the motor assembly; and 
use of automatic backstops. Single 
phase hollowshaft motors to 5 hp. De- 
scribes and illustrates new features. 


(T-13) PULSE CONTROL UNITS 

Control Instrument Co., Bulletin, 
16 pp. Together with illustrations and 
circuit diagrams, it describes: pulse 
generators, with a frequency range of 
15 cycle to 4.5 megacycles; flip-flops; 
pulse gators; coincidence detectors: 
pulse delays; mixers; and power sup- 
plies and controls. 


(T-14) SPECIAL ROTATING 
EQUIPMENT — Electric Specialty Co., 
Catalog 52-PD, 12 pp. Illustrations of 
applications of special a-c and d-c mo- 
tors, motor generator sets, rotary con 
verters, and dynamotors. Also lists fac- 
tors in the selection of motors. 


(T-15) EXPLOSION PROOF MO- 
TORS- The Louis Allis Co. Bulletin 
800, 12 pp. Fully illustrates a line of 
explosion-proof motors is described, 
showing special features, typical uses, 
and various electrical and mechanical 
modifications available. 


(T-16) PUSH BUTTON CON- 
TROLS Arrow-Hart & Hegeman 
Electric Co., Booklet, 12 pp. Has a 
complete line of oil-tight push button 
controls that includes standard, extend- 
ed and mushroom buttons, 2 and 3 po- 
sition selector switches, and pilots, 
together with suitable legend plates 
Line has complete interchangeability 
Many illustrations and closeup view of 
switches 


(T-17) INSTRUMENT AND TIM- 
ING MOTORS-—Gleason-Avery, Inc., 
Catalog, 10 pp. Has specifications ol 
synchronous and nonsynchronous in 
strument motors; series 500 gear reduc 
tion motors, and temperature controls, 
compl te with rating charts and mount 
ing dimensions. Has list of possibl 
ppli ations 


(T-18) AIRCRAFT ENGINI 
STARTERS Jack & Heintz, Inc., 
Bulletin 1500, 10 pp Descriptive data, 
performance curves, cutaway drawings 
and photos of a line of starters, in 
cluding those for both reciprocating 
and turbojet engines, and aircraft-type 
tank engine starters 


(T-19) GEARMOTORS—Star-Kim- 
ble Div. Bulletin B-601, 8 pp. Data on 
a line of a-c and d-c gearmotors with 
ratios from 2.5:1 to 97:1, and l4, to 
75 hp. Gearings are planetary, offset 
or right-angle wormwheel, and single 
and-double-reduction. 
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Squirrel-Cage 
Drip-proof Type 








"Sealedpower' 
Totally-Enclosed 
Fan-cooled 











Sqvirrel-Cage 
Totally-Enclosed 
Non-Ventilated 


DC Open Type (illustrated), Drip-proof 
Also Drip-proof Guarded 

















Brake Motor 


@ Like the sterling mark on silver, an Elliott 
Crocker-Wheeler motor on a machine tool, pump, 
fan, textile machine, is a positive indication of the 
quality which the machine builder has put into his 
product. 





Wound-Rotor 
Drip-proof Type 


The Elliott C-W line of integral motors is complete, 
covering a range of 1 to 200 hp, all types available 

Explosion-Proof i ; ‘ eet am 

B "Secledpower" including the new Elliott C-W Gearmotor. 





Your local Elliott representative will give you all 
the facts — or write Elliott Company, Crocker- 
Wheeler Division, Ampere, N. J. 


ELLIOTT Company bi 


CROCKER-WHEELER DIVISION 


Gearmotor. 
Single reduction 
with brake 






wv å = -— 


w3-11 
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* UNIDIRECTIONAL 


© SYNCHRONOUS 
OR REVERSIBLE 


* WITH OR WITHOUT 


HAS A WIDE RANGE | GEAR REDUCTION 


e UP TO 1/30 H.P. 


OF CARBURETOR TYPES | B *memneznine 


TO FIT A WIDE RANGE 
OF APPLICATIONS! 


Are you looking for an unusual size or type of 
carburetor? Perhaps Zenith* has the answer to 
your problem. For more than 35 years Zenith 
has been designing and building carburetors for 
every type of engine—ranging from single 
cylinder lightweights to the most rugged and 
powerful of gasoline engines. The chances are 
you can use a unit Zenith is now making and avoid 
the cost of a specially designed carburetor. 

On the other hand, if your carburetor require- 
ments are highly specialized, Zenith's engineer- 
ing experience will prove invaluable in solving 
questions of placement, efficiency and economy of 
operation. Just remember, whatever your carbu- 


retor problem, it will pay you to look to Zenith 
for the answer. *REG 


ZENITH CARBURETOR 
DIVISION OF Bendix 


IATION CORPORATION 


U. S. PAT. OFF 


696 Hart Avenue, Detroit 14, Michigan 
MANUFACTURERS OF FINE CARBURETORS AND FUEL FILTERS 


Export Sales: Bendix international Division, 205 East 42nd Street, New York 17, N. Y 


BARBER-COLMAN COMPANY, 1218 Rock St., Rockford, Illinois 


H74 
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WHEN YOU HAVE A CONTROL PROBLEM 
FEDERAL NOARIC 




































CUSTOM DESIGN and the manufacture of complete control 
panels is a very important part of Federal Noark business. 
It has proved the perfect solution for hundreds of control prob- 





lems, and always incorporates standard Federal Noark Motor 
Controls that are outstanding for their simplicity of design, 


Federal Meus contol walt for e Mew Jeney Medio Cor efficiency of operation, and easy, low-cost maintenance. 


poration’s labelling machine that eliminated costly switch and Whenever you have a control problem, submit it to us. 


relay chattering. Above is opened unit showing electronic Federal engineers will find the solution, and Federal Noark will 
brain, Federal Noork manual and magnetic motor starters . 


and oil-tight push-button switches. build the control units required for top service and economy. 





FULL LINE OF MOTOR STARTERS UP TO 400 H.P., 600 VOLTS, A.C. 













OTHER NOARK STARTERS 
BULLETIN 504 
Across-the-line Magnetic BULLETIN 424 
Motor Starters in sizes 0, 
1, 2, and 3...the heart 


of today’s most elaborate 


Reversing Manual Motor Starters, 


BULLETIN 434S 
controls. Only one moving 





























BULLETIN 534R Two-Speed Manual Motor Starters. 


Magnetic Multi-Speed Starters with full 
selective control up to 4-speed. Overload 
protection. 


unit . . . coils changed in 





ds. 
seconds BULLETIN 454 


Manual Reduced Voltage Starter. 
BULLETIN 514 BULLETIN 502 


Magnetic Contactors with auxiliary con- 
tact for 3-wire control. 





Combination Non-Revers- 
ing Motor Starters with 
front-operated motor cir- 
cuit disconnect switch, 
permitting close ganging. 
Thermal overload protec- 
tion. BULLETIN 515 
Combination Non-Revers- 
ing Motor Starters with air 
circuit breaker. 










BULLETIN 554 
Reduced Voltage Mag- 
netic Compensator Start- 
ers with adjustable pneu- 









BULLETIN 522 
Reversing Contactors. 


matic timer and overload 


protection. BULLETIN 524 





Reversing Starters with thermal over- 
load protection. 
BULLETIN 528 


Combination Reversing Starters with 
motor circuit disconnect switch. 









PUSHBUTTON STATIONS 


A complete line of stand- 
ard and heavy duty sta- 





BULLETIN 950 


Solenoid Type Relays in 
any combination of nor- 














BULLETIN 529 


Combination Reversing Starters with 
air circuit breaker. 








mally open and closed cir- tions in watertight en- 


cuits, up to 12 circuits. O closures as well as for 








—— 
to 600 volts hazardous locotions. Sur- For complete specifications write to 
face and flush mounting. Federal Electric Products Co., Industrial 
Control Division, 1429 Park Street, | 


Hartford 1, Conn. 





Federal Noark products: Stab-lok Circuit Breakers, 
Motor Controls, Safety Switches, Service Equipment, Indus 
trial Circuit Breakers, Panelboards, Switchboards, Contro! 
Centers, Bus Duct — Pacific Electric Manufacturing 
Company products: High voltage circuit breakers and 
power switches *« Sales offices in principal cities. 
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FORD 
INSTRUMENT 


COMPONENTS 


Ford Instrument Company makes 
the finest precision instruments 
and mechanisms for industry and 
the armed forces. 


CROSLEY 


DIVISION OF AVCO 







































Quality-Minded Manufacturers 


Model No. MS—3600 


sagen Demand Quality Motors 


The world-famous manufacturers, whose trade-marks you see 
above, can't afford to take chances with inferior rotary electrical 
equipment. The products they make must perform dependably 
day in and day out — in order to protect and further the out 
standing reputations of these companies. 





FORD MECHANICAL DIFFERENTIALS 


with single spider gear—available in 
3/16," 1/4" and 5 16” shaft diameters 
-high accuracy, low friction. 


Here at EEPCO we have worked with these industry leaders in 
the research and development of efficient, economical power 
sources for their products. In all cases, we have delivered from 
our production lines rotary electrical equipment that easily meets 
the extremely high standards maintained by these companies 


Whatever your problem is, whether it is a complicated dyna 
motor or a simple shaded pole motor, or armatures and fields 
the EEPCO engineering staff is at your service to develop and 
produce the best unit for you 





DY—88 Dynamotor 


Write, wire, or phone for complete details 
ELECTRO ENGINEERING PRODUCTS CO. 
609 W. LAKE STREET, CHICAGO 6, ILLINOIS 


* P-M DC MOTORS & GENERATORS © CAPACITOR TYPE MOTORS © UNIVERSAL MOTORS 
* DC MOTORS & GENERATORS * SHADED POLE MOTORS (2-4-6 Pole) * P.M AC GENERATORS 





FORD TELESYN UNITS are available in 


wide selection of sizes—proved preci. 
sion accuracy, corrosion and fungus 
resistance mean better synchros when 
you specify Telesyn. 


TACHOMETER 
GENERATORS 





FORD SERVO MOTORS (60 and 400 


remely low inertia and 

f ency response. 1/5 ; 1V5; 

5 0-watt models in both low 

ind high voltage, including magnetic 
umplifier controlled types. 





FORD ELECTRICAL RESOLVERS avail 


ible in sizes 23 and —interchang 


ty ter perat re compensation 
60°F to +1 F, highest accuracy 


daptability, 400 cycle frequency 

















built to the 


Ford Instrument also makes mag- 


netic amplifier systems, computers tightest specifications 
converters, mechanical integrators " 7 
and other instruments and equip- 


mert. Write for more details 


Permanent-Magnet A-C, Permanent-Magnet D-C, and 
1-C Drag-Cup Types. Also special small A-C and D-C 


^ 
vy 


Ua 


Motors. Send complete Data for a Quotation. 


11 


FORD INSTRUMENT COMPANY 


Division of The Sperry Corporation 
31-10 Thomson Ave., Long Island City 1, N.Y 


-e 


INSTRUMENT Motors 





P.O. BOX 5 * ACOSTA STREET * STAMFORD + CONNECTICUT 
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a 


@ The little 
1400 series 


€ The standard long 
range 900 series 


9 The hydraulic booster 
for extra power on 
racks and valves 
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A. 


LLT — 


@ The heavy duty 
centrifugal 


MEE covers 


preferred for gas (LPG), gasoline 
and diesel industrial engines... 
big, medium and small 


Pierce centrifugal governors are your 
most dependable and efficient control 
mechanisms for industrial engines ... 
‘rom small generator sets to monster power 
units . . . gas (LPG), gasoline or diesel. 
For engines requiring extra power to 
position fuel rack or valve, the Pierce 
.entrifugal with hydraulic booster -X- (for 
original equipment only) is ideal! Pierce 
offers a ready solution to most 
engine governing problems . . . send full 
details and specifications on your 
particular problem. Complete 


engineering service available. 


Pien » 


Handbook 


THE PIERCE GOVERNOR CO., INC. 


1686 OHIO AVENUE, ANDERSON, INDIANA 


“World’s Most Experienced 
Governor Manufacturer" 




















































NEW BOOKS 





Electrical and Electronic Components 


Basic Electronic Test Instruments 
by Rufus P. Turner, Registered Pro- 
fessional Engineer, 254 pages, 6 x 9 
in. Published by Rinehart Books, 
Inc., 232 Madison Ave., New York 
16, N. Y. $4. 


This book covers the test instruments 
used in television, radio and the gen 
eral electronics field in a nonmathemat 
cal manner which eliminates all un 
necessary theory. The basic principles 
operation, and construction of these 
instruments are covered, and their prac 
tical applications are discussed in such 
a way as to be helpful to the technician, 
the radio and television service man, 
the hobbyist, and the engineer. It is 
assumed that the reader has a funda 
mental knowledge of general radio and 
electronic theory 


Electrical Measurements Manual b) 
C. H. Dunn and H. J. Barker, As- 
sistant Professors of Electrical En- 
gineering, Rensselaer Polytechnic 
Institute. One of Prentice-Hall Elec- 
trical Engineering Series, William 
L. Everitt, Editor. 6 x 9 in., 112 
pes. Published by Prentice-Hall, 
Inc., 70 Fifth Avenue, New York, 
N. Y. $4.35. 


This book is intended for use as a 

xt for an elementary laboratory course 
in electrical measurements. The first 
chapter presents laboratory techniques; 
while the remainder of the book con 
tains a well-balanced selection of thirty 
five experiments. 

The experiments may be divided into 
two categories: (1) the types and 

iracteristics of basic electrical instru 

ents; and (2) the use of these in 
struments in the measurement of ele 
trical and magneti quantities 
Relay Engineering by Charles A. 
Packard, Chief Engineer, Struthers- 
Dunn, Inc., 640 pages, 5 x 7 in. 
Published by Struthers-Dunn, Inc.. 
Philadelphia, Pennsylvania, $3. 


This book attempts to aid the eng 
neer who must specify the correct types 
of relays for a given application, and 
who must determine the circuits in 
which they are to be used. The infor 
mation is treated in a practical manner 
and theoretical I 


peen 
Hs 


discussions have 


omitted or reduced to the minimum 


necessary for understanding the text. 
The manual is divided into the fol- 
lowing sections 


(1) selection ot relay for a spe 
ihe task; (2) applications and cir- 
cuits. This section includes a large 


number of typical simple and complex 
relay circuits. (3) relay components 
This section covers the mechanical and 
electrical details of specific relays 


American Electrician s Handbook 
by Terrell Croft, Consulting En- 
gineer. Revised by Clifford C. Carr, 
Head of Dept. of Electrical Engi- 
neering, Pratt Institute. 1,773 pp, 
5 x 7% in. Published by McGraw- 
Hill Book Co., 330 W. 42nd St., 
New York 36, N. Y., $10. 


Although intended primarily for 
practical men in the electrical field, 
such as wiremen, contractors, and line- 
men, this book may be of interest to 
many design engineers. 

Besides covering all the basic elec- 
trical jobs, it includes authoritative in- 
formation on such subjects as electron 
tubes and circuits, fundamentals of 
construction, operation and application 
of electronic devices in industry, con- 
trol generators (Amplidyne and Roto 
trol), electronic control of motors, 
automatic electric drive control, syn- 
chros, dry-type transformers, copper- 
oxide and selenium rectifiers, Signalitie 

thermoplastic insulated wire, 
load-center indestrial distribution sys- 
tem, fluorescent-lamp developments, 
and interior and exterior wiring 


fuses, 


Metadyne Statics by Joseph M. Pes- 
tarini, Lecturer, MIT and Colum- 
bia Univ. 415 pages, 6 x 9 in. Pub- 
lished jointly by the Technology 
Press of Mass. Institute of Tech- 
nology and John Wiley & Son, Inc., 
140 Fourth Ave., New York 16, 
N.N ND. 


This is a fundamental discussion of 
new group of electric machines by 
the man who first recognized their com- 
ion properties and potentialities 
Mctadynes are usually used in sys- 
tems of machines rather than individ- 
ually as is conventional machinery 
These systems can be designed to ab- 


Y 
sO 


rb power under a prescribed relation- 
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ship between torque and speed, as well 
as response time. They are applicable 
to electric locomotives, rolling mills, 
cranes, sources of electric power for 
distribution systems, amplifiers, trans- 
formers, generators etc. 

Dr. Pestarini's approach to the an- 
alysis and design of these machines is 
general—permitting arbitrary distribu- 
tion of windings and brushes around 
the machine. An almost unlimited 
range of characteristics relating speed, 
voltages, torque and currents can be 
obtained. 


Primer of Electronics and Radiant 
Energy by Don Caverly, Second Ed- 
ition; 6 x 9 in., 342 pp. Published 
by McGraw-Hill Book Co., Inc., 
330 West 42nd St., New York 36, 
N. Y. $3. 


With the many advances made in 
radio and television fields, and with 
the development and use of atomic en- 
ergy to peacetime projects, there has 
been a desire for information about the 
electron and radiant energy. This book, 
containing general principles underly- 
ing electronics and how radiant energy 
is produced and controlled, is actually 
a digest of information on how elec- 
trons, protons, neutrons, and other 
composite atomic particles behave and 
are controlled, and how the radiant 
energy from their release is utilized 


Electromagnetics by John D. Kraus, 
Prof. of Electrical Engineering, 
Tbe Obio State University, 6 x 9 
in., 604 pp. Publisbed by tbe Mc- 
Graw-Hill Book Co., 330 West 
(2nd St., New York 36, N. Y., $9. 


This volume, intended both as a 
textbook and as a reference work for 
practicing engineers, presents a thor- 
ough, well-balanced treatment of elec- 
tromagnetic theory beginning with ele- 
mentary principles of electric and mag- 
netic fields and progressing through 
the more advanced theory and applica- 


tions 
The first half of the book covers 
static electric and magnetic fields, 


steady electric currents, and time chang- 
ing electric and magnetic fields. The 
second half is a continuation which 
treats space waves, guided waves, radi- 
ation, and boundary-value problems 
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| STANDARDS 


BASIC SYMBOLS AND MISCELLANEOUS DEVICES 









AND 


Connecting 
Block 


—S\_p— 


Thermal 
Element 


E 4 


Conduit or 
Grouping 


—O O— 
Spark Gap 


tur 


Counter 


CAPACITORS 


| 
: 


Fixed 


T 


Variable 
Differential 


— € 


Disconnect- 
ing Device 


—— dM -—-— 


Mechanical 
Interlock 


JU 


Conduit or 
Grouping 


Needle Point 
Spark Gap 


TEL 


Solenoid 


sem 


Adjustable 


—— 
—3 er 


Split Stator 


ELECTRICAL SYMBOLS 


There is no general industry agreement on graphical symbols 


for electrical components. Different groups advance different 


ards 


— — 


Electrical 
Connection 


ai RR 


Bimetal 
Element 


Ll 


Fixed or 
Adjustable 
Contacts 


—À 


Paired 
Conductors 


Rheostat 





E 


-ha- 


— 
Shielded 


-p]- 


With Mechanical 


Linkage 


sometimes forgotten. 


Association and from 
Builders Association. 


Mechanical 
Connection 


TILES 


Twin Conductor 


— O 


Moving Contact 


— >—_ 


Installation 
Splice 


Potentiometer 


RESISTORS 


Tapped 


Ground 


-i 


Coaxial Cable 


Ud 
Shielded Wires 


-—R—— 


Vibrator Reed 


um ^ 
WN 


Spark Plate 


oW- 


or 


a, a 


Fixed, with 
Terminals 


wyw- 


Tapped 
Three Lead or 
Voltage Divider 


the National 


proposals. And the fact that the symbol must be simple is 
Perhaps the following material will 
provide a start for that end. It is based in the main on the 
Engineering Drafting Standards of the Ford Motor Company, 
but has been supplemented by data from the American Stand- 
Machine Tool 


oS LUI, 


Heater 
Element 


me amn 


Twin Coaxial 
Cable 


E 


Shielded Wires 
with 
Shield Grounded 


+ - 0 


Split 
Vibrator Reed 


Magnetic Core 


8 


Adjustable 
Two-wire or 
Rheostat 


1 


Adjustable 
Three- wire or 
Voltage Divider 
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BATTERIES 


-j— ile Jue 
Single Cell Three Cells Series of 
With Polarity Cells or 


Shown Batteries 





— cmm cmm y TURIS 


COILS 
With With Overload Contactor Relay 
Leads Terminals Type Operating Type 














FUSES AND CIRCUIT BREAKERS 








est — s 
[[ N ps P"... 
Fuse Air Circuit t 
Breaker Multi-Pole 
Air Circuit 
i T "9 Breaker 
ED 
Thermal Trip 
Air Circuit 
Breaker 
Oil Breaker, Oil Breaker, 
Single Throw Double Throw 
RELAYS 
" | Open | | 
With Make With Break Double Winding 
Contact Contact with Make 


Before Break 


- 


With Specific * With Specific 
Operating Features* Operating Features* 





*Signs designate proper poling. Current in the direction indicated 
will move or tend to move the armature toward the contact 
shown nearest! the core. If the relay is equipped with numbered 


terminals, the proper terminal numbers should be shown 
AC — Alternating current or NB — No bias 
ringing P 


D — Differential 


— Magnetically polarized 
using biasing spring, or 


DB — Dashpot having magnet bias 


- 9l th 
EP — Electrically polarized SO — Slow operating 
n SR — Slow release 
FO — Fast operating 
SW — Sandwich wound 


*FR — Fa t! releos 
" ee to improve balance 


MG — Marginal to longitudinal currents 


THERMOSTATS 
Self- Externally Integral External 
Heated Heated Heater Heater 










BLOWOUT OPERATING 





CONTACTORS 
Normally Normally N. O. with N.C. with 
Open Closed Blowout Coil Blowout Coil 


wy fat 
ci 


Three Pole NE Electrically Operated 
Manually with Blowout Coils 


Operated and 2 N.O. and 1 N.C 
Auxiliary Contacts 
JACKS 
p 
Contact Spring Sleeve Two 
zy O Conductor 
Three Series, l 
Conductor Three Conductor Three Conductor 
with Auxiliary Contacts Gang 


SIGNALS ^ P 
Bell Buzzer Ringer 
LAMPS 
General Indicating Illuminating Ballast, 
Resistance 
or Heating 
*Use letter or letters to indicate color 
A — Amber O — Orange W — White 
B — Blue OP — Opalescent Y — Yellow 
C — Clear P — Purple FL — Fluorescent 
G — Green R — Red 
RECTIFIERS A-C 
——— D-C D-C 
Half Wave 


A-C 
Full Wave 











a t BURN i 







ANTENNAS 


p- Y 


Non-Directional 


rm tum a ar 


REPRODUCER 


B 


Directional 


Bn. sg 


I General Electro- Crystal 
| magnetic 

| CRYSTALS 

Detector Piezo-Electric 

| MICROPHONES 

= ¢ 4 
m 
m General Single Double 
i Button Button 


Moving Velocit 


Coil 


LOUDSPEAKER OR 


| (00) 


General Magnetic 


Armature 


Electromagnetic 
with Moving Coil 


B= 3 = 


y Crystal 
HORN 
Permanent 
Magnet with 
Moving Coil 


for] 


Electromagnetic 
with Mechanically 
Operated Diaphragm 


ELECTRODES 


Electron Tubes and Communications Equipment 


[LA T D 


Directly Indirectly 
Heated Heated 
Cathode Cathode 


Cold Photo- 
Cathode electric 
Cathode 


Pool ignitor 
Cathode 


A | he 


lonic Heated Controlling 
Cathode with Grid 
Supplementary 

Grid 


TUBE ENVELOPE 


Deflecting Collecting 
Anode or 
Plate 


Electrode 


Collecting 
and Emit 
ting Dynode 


O00 00 


High 
Vacuum 


Gas Filled 


p 


Small 
pin^ ^^ 


Base with Bayo- am 
net or Other 
Reference Point 


SELECTED ELECTRON 


Voltage Regulator 
0A3/VR75 
(Shows cold-cathode 
anode, and gas 
field envelope) 





Diode-Triode- 
Pentode 3A8-GT 
(Shows tapped 
filament, rigid 
envelope terminal 
and keyed base) 


Internal 
Shield 
Flexibie 
— 
Terminals 
TUBES 


Power-Amplifier 
Triode 6A3 
Shows filament 
cathode, grid 
and high vacuum 
envelope) 


Phototube Multiplier 
(Shows a photo- 
electric cathode, 

an anode, 

and four dynodes) 


External 
Shield 


-= Rigid 
« terminal 


Keyed Base 


Envelope Terminals 





Beam Power 
Amplifier 6V6 
Shows heater, grids, 
base pins, and 
indirectly heated 
cathode) 


tz 


Cathode Ray Tube 
Shows electrostatic 
deflecting electrodes) 









RECEPTACLES 
| Non-Polarized Polarized Three 
Conductor 
Polarized 






Left-Mercury Pool with Ignitor 
and Control Grid 


Right-Mercury Pool with Excitor, 
Control Grid and icd ut 
Holding Anode 

























INDUCTORS 


333 


bo = a 


Shielded 


3| 


Magnetic 
Core 


Fixed Adjustable 


METERS AND INSTRUMENTS 


p 


^ Ammeter 


PI — Position Indicator 
PF — Power Foctor Meter 
RF — Reactive Factor Meter 
AH — Ampere Hour Meter PEC — Recording 

CMC — Contact Making Clock RD — Recording Demand 

D — Demand Meter Meter 

F — Frequency Meter S — Synchroscope 
G — Galvanometer TLM — Telemeter 
GD — Ground Detector 


| — Indicating 


T — Temperature Meter 
VRH — Var-Hour Meter 
VAR — Varmeter 
V — Voltmeter 

WH — Watt Hour Meter 
W — Wattmeter 


M Integrating 
OHM — Ohmmeter 
OSC — Oscillograph 

PH — Phase Meter 


SWITCHES, GENERAL 


s xy» 


Knife Switch Multi-Pole 
Knife Switch 
-0 
Wafer 
Switch i i 
| g2 | 
T - N 
^ "— 
O OF A 
Multi-Selec 
tor w th 
Mechanical 
Connect os Wafter from 
End Opposite 
Selector Control Knob 


PUSH BUTTON SWITCHES 


| N.O N.C 
) "- O 


Normally Normally 
Open Closed 3-Point 3-Point 


TIMING RELAY CONTACTS 


Du | "4 


— - —/ 





ey yore energized 








TRANSFORMERS 
Fixed Adjustable Magnetic Core Variable Core 


JE BE aE 





ioo e am 


Magnetic Core Magnetic Core Variable Coe Unequal Ratio 
and and Shielding One Winding 
Shielding One Winding Only 


Mov ing 
coil 
Variable Tapped Winding 


Coupling 


Auto Multi-Winding 
Transformer and Magnetic Core 


PUSH-PULL SWITCHES 


N.C N.O N.O. o Ono NO 
Á o a 8 plot 
2LF c OLS C C 

O 









Push Pull Push-Pull Push-Pull, Turn-Hold 
2 Circuit 
— —— FH, 
Momentary 
O 
O N.O 
Single Double 2-Circuit Rotating b [1] 
Pole Pole Cams 
an al Ae pip np nad 
Mercury 
N.O 
| L.S | L.S f 
N.O | N.C. 
Pressure or Vacuum Limit 
alo. O aj 
OOO 
Double Double O al 
Double Circuit Circuit 
Circuit 3-Point 2-Pole Maintained Contact 








Instant Trip 
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MOTORS AND GENERATORS 


O m~ © O 


Armature Field 


3-Phase 3-Wire 
Squirrel Cage 
Induction Motor 


3-Phase Synchronous Motor, 
Generator or Condenser 
with Both Ends of Each 
Phase Brought Out 


D-C Shunt Motor or 2-Wire Gen- 
erator with Commutating and/or 
Compensating Field Winding 


D Q 


Single Phase 3-Phase 
Induction Motor Reluctance Motor 


Complete One line 


D-C Series Motor or 2-Wire Generator 
with Commutating and/or 
Compensating Field Winding 


Left-3-Phase or 2-Phase 3 Wire Shunt 
Characteristic Brush Shifting Motor 


Wound Rotor 
Induction Motor 
or Generator 


Repulsion Single Phase Single Phase 
Motor Shaded Pole Repulsion Start 
Motor induction Motor 


Separately Excited 
D-C Generator or 
Motor with Com- 
mutating and/or 
Compensating Field 


Separately Winding 


Excited Motor 
or Generator 


D-C Shunt Motor or 
2-Wire Generator 


uc 


Dynamotor 


D-C Compound Motor or 
2-Wire Generator or 
Stabilized Shunt Motor 


Regulating 
Exciter-Shunt Wound 


D-C Series Motor 


3-Phase Synchronous Motor, Single Phase or 2-Wire Generator 
Generator, or Condenser Synchronous 
with Neutral Brought Out Generator 


D-C 3-Wire Compound Generator 
with Commutating and/or 
Compensating Field Winding 


P ce 


D-C 3-Wire 
Compound Generator 


Right-3-Phase or 2-Phase 3 Wire Shunt 


Characteristic Brush Shifting Motor 


with 3-Phase Rotor 





WINDING SYMBOLS 


O (y 


Single Phase 2-Phase 3-Phase Wye 
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3-Phase 
Regulating Machine 


«O00 9 


3-Phase 
Wye Grounded 


HOLL 


3-Phase Delta 6-Phase 


Diametrical 


6-Phase 
Double Delta 














AMERICAN STANDARDS 
ASSOCIATION 


CI-1951 — National Electrical Code 


C2.4-1941 (1947) — Safety Rules for the 
Operation of Electrical Equipment and Lines 
(NBS Handbook H34) 

C6.1-1944 — Terminal Markings for Electrical 
Apparatus. 

C7.24-1951 — Method of Test for Resistivity 
of Electrical Conductor Materials (ASTM B193 
-49). 

C8.1-1944 — Definitions and General Stand- 
ards for Wire and Cable (AIEE 30-1944). 
C12-1941 — Code for Electricity Meters. 
C16.14-1949 — Color Codes: Numerical Val 
ves, Decimal Multipliers, and Tolerances for 
Components for Electronic Equipment (RMA 
GEN 101). 


C16.17-1951 — Terminology for Piezoelectric 
Crystals (49 IRE 14.5.1). 
C18-1947 — Specifications for Dry Cells and 
Batteries (NBS Circular C 466). 

C19.1-1943 — Industrial Control Apparatus 
(AIEE 15-1944). 

C39.1-1951 — Electrical Indicating Instruments 
C39.3-1948 — Specifications for Shock Test- 
ing Mechanism for Electrical Indicating Instru- 
ments. 

C50-1943 — Rotating Electrical Machinery. 
C55.1-1951 — Standards for Capacitors (AIEE 
18). 


C57- Transformers, Regulators, and Re- 
actors. 

C64.1-1950 — Brushes for Electrical Machines 
(NEMA CB1-1951). 

C73-1941 (R1946) — Attachments, Plugs, and 
Receptacles, with supplements C73a-1950 
(NEMA WD1-1950) and C73b-1951 (NEMA 
WD2-1951). 


C78 — Incandescent Lamps 

C78 — Dimensional and Electrical Characteris- 
tics of Electric Discharge Lamps. 
Y32.1.1-1951 — Graphical Symbols for Single 
(One) Line Electrical Engineering Diagrams. 


232.3-1946 — Graphical Symbols for Electric 
Power and Control, 


Selected Electrical Standards 

























































232.10-1948 — Graphical Symbols for Elec- 
tron Devices. 


Z32.12-1947 —Basic Graphical Symbols for 
Electrical Apparatus. 


JOINT INDUSTRY CONFERENCE 


J.1.C. Electrical Standards. 


NEMA 


$G1-1952 — Standards for Electric Power 
Connectors. 

IC1-1949 — Standards for Industrial Controls. 
MG2-1951 — Standards for Fractional Hp 
Motors. 

MG1-1949 — Standards for Motors and Gen- 
erators 

MR1-1950 — Standards for Metallic Rectifiers. 
101 — Suggested Specifications for Standard 
and Heavy-duty Multiple Bolt Soldering Lugs. 
500B — Standards for Electron Tube Bases, 
Caps, and Terminals. 

507-A — Standards for Designation System 
for Cathode Ray Tubes. 

SCS — Standards for Direct Current Paper Ca- 
pacitors. 

— Standards for Fixed Paper Dielectric Capa- 
citors for Energy Storage Use. 


— Standards for General Purpose Alternating 
Current Capacitors for Motors, Specialty Trans- 
formers, and Controls. 


FUS — Standards for Cartridge Enclosed Knife- 
blade Fuses. 


PSS — Standards for Precision, Snap Acting 
Fuses. 


TIS — Standards for Time Switches. 
EIS — Standards for Instrument Transformers. 
WDS — Standards for Wiring Devices. 


AMERICAN INSTITUTE 
OF ELECTRICAL ENGINEERS 


40-1947 — Electric Recording Instruments. 


800-1953 — Test Code for Direct-Current Air- 
craft Machines. 





i ELECTRICAL AND ELECTRONIC COMPONENTS 


FUNDAMENTAL 


Electronic Circuits 


R. B. IMMEL 
Westinghouse Electric Corp., Buffalo, New York 






A THOROUGH UNDERSTANDING of the basic char- 
acteristics of electronic tubes and circuits often provides 
a solution to a seemingly impossible problem. They 
are useful tools that often possess the necessary re- 
quirements to perform a particular operation much 
better than any other device or system now available. 

Tubes are frequently used to perform the same func- 
tions as a single pole manually-operated knife switch 
or as a magnetically operated contactor or relay. How- 
ever, the tube often surpasses the manually or mag- 
netically operated device as its speed of operation is in- 
finitely faster and little energy is required to either 
initiate or stop the flow of current. 

However, an electronic tube is uesful only when it 
is properly applied. When replacing existing equip- 
ment it must do the job better, faster and operate more 
efficiently to justify the application. Also, while the 
tube itself may be relatively simple, the auxiliary ap- 
paratus such as transformers, chokes, resistors, poten- 
tiometers and capacitors, can sometimes increase the 
cost and size of an electronic device to an impractical 
value. The selection of a specific tube will depend 


primarily on the application requirements. 








e THE BASIC RECTIFIER CIRCUITS using 
diode (two element) vacuum tubes. 


(three element) 


@ OBTAINING BIAS VOLTAGE 
vacuum tubes. 





The principal functions of electronic tubes are: 
rectification—conversion from a-c to d-c; generation— 
oscillators for producing relatively high frequencies 
from a d-e supply; control—ignitrons and thyratrons 
for controlling the current flow to machines; counting 
and sorting—phototubes that are sensitive to light in- 
tensity and wave length to convert light energy into elec- 
trical energy; inspection—X-ray tubes that transform 
electrical energy into invisible rays of high frequency 
and penetrating power; electricity into light—for fluor- 
escent, neon, sodium and mercury lamps, and cathode 
ray tubes for oscilloscopes; amplifiers—to control large 
output with a small input. 

When the circuits of electronic equipment are broken 
down or separated into the fundamental electronic 
circuit components, it is much simpler to understand 
the complete operation of the device. Many of the 
fundamental electronic circuits are explained on the 
following pages. These basic circuits should serve as 
stepping stones or building blocks for the primary 
understanding, 


application, selection, or design of 


electronic equipment. The basic circuits, applications, 


and methods discussed in the following charts are: 


in triode 


The 


receivers and transmitters. 






























These circuits are often used in radio 


This type of circuit is frequently used 
for conversion of a-c to d-c for the 
operation of radios, television receivers, 
air cleaners, phototrollers, motor con- 


trollers, etc. A filter network is gen- 
erally used in conjunction with these 
circuits to minimize the pulsation or 
ripple in the output. 


e THE BASIC CIRCUITS for rectification 
nd voltage transformation. Voltage 
oublers are inexpensive electronic de- 
es used for increasing the output 
ltage. They are often used in trans- 
rmerless radio receivers and small 
scilloscopes. Peak clipping and pulse 
orming circuits are used in analyzing 
nstruments and electronic switches for 
triggering or initiating the operation 
f other equipment. 


Product Engineering - 


bias voltage applied to the grid of a 
vacuum tube provides very effective con- 
trol of the current flow and determines 
the operation point on the character- 
istic curve. A vacuum tube voltmeter is 
a potential measuring device with an 
extremely low burden. 


e VOLTAGE AMPLIFIERS show some of 
the basic circuits for triode, tetrode 
(four element), pentrode (five ele- 
ment) vacuum tubes used as amplifiers. 
Depending upon the degree of grid 
biasing, the amplifiers are classified as 
A, AB, B, or C. Circuits of this type 
are commonly used in audio amplifiers 
and radio receivers. 


e THE FUNDAMENTAL CIRCUITS for 
power and voltage amplifiers with 
various couplings and output circuits. 
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e THE BASIC CIRCUITS for electrostatic- 
ally controlled cathode ray tubes. These 
tubes are the principal elements in oscil 
loscopes and television receivers for 
converting an electrical signal into an 
intelligible and visible signal 


e CATHODE RAY TUBE CIRCUITS for 
voltage and current analysis. For cer- 
tain voltage wave forms and transients 
Cathode ray tube oscilloscopes are often 
the only practical tool available for 
analyzing and studying these phen- 
omena. As the electron beam has very 
little inertia, it responds almost in- 
stantaneously and this type of oscil- 
loscope is suitable for use at very high 
frequencies to trace voltage wave forms 
and transient currents for analysis and 
study 


LE 



















Rectifier Circuits Using Diode Vacuum Tubes 



















Type Input Voltage 


Circuit Sketch Output Voltage 














— 
1 
f z A^ [^ [»\ 
o 2. 
£-t x 
Eis g 
o R9 
i 2r -One cycle- {+ -One cycle -=| 
* 
E z z A = anode R= resistor 
ur -E- C = cathode H = heater Major ripple voltage, rms*LIl V 
Fu f» frequency V = average d-c output voltage Major ripple frequency «f 
— -C Sine wove 
( Pulsating d-c) T 





S | 
2t | - 
T | | 
= | | 
FE- p> -One cych- = | 
eS 
A» | 
De Major ripple voltoge, rms#Lil V | 
S Major ripple frequencysf | 


(Pulsoting d-c) 






































E [^s s M 
zd " | | 
2» 2 Output t--One cycle- =| à 
Ms 1 
£p 
A Major ripple voltage , rms=0472V ` 
Z f=frequency Major ripple frequency »2f e 
sine wove (Pulsoting d-c) i 
d 
$ 
2 ¢ | 
zz o gè 4 
» © tput - 
i $ Input Outpu l--One cycle >| j 
£p - = ) Éa 
" = Major ripple voltoge, rms=0472V | 
= Freque Major ripple frequency =2f | 
( Pulsating d-c) | 
pms | 
mm & 
LECHEE- 
= 2 T Input | 
2s c t= -One cycle -=| | 
~ e's » > | 
-- t "— 
N w & Mayor ripple volfage, rm: 472V 
ce, & — Mojor ripple frequency = 2f | 
a-c sine wa ( Pulsating d-c) 
Note: Cathode transformers may be separate or 
wound on iron core of anode supply trans L 
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Remarks 





. For some applications, where a low voltage d-c output is 
satisfactory, it is economical to use this type of power sup- 
ply. Tubes for this application usually have heaters which 
are operated at relatively high voltages (35, 50, 70 volts 
and above). Heaters can be connected across the line, in 
series with other heaters, or in series with a resistor to limit 
the voltage to the rated value. This circuit has a disad- 
vantage in that a ground connection cannot be used unless 
provision is made to insure that the grounded side of the 
d-c output circuit is connected to the grounded side of the 
a-c power supply. 
















Anode current 





| 
| 
| 
* HE Anodi /to 
LA ode volfoge 





Alternating 
voltage 


input This circuit is advantageous over the transformerless type 


of half-wave rectifier as the a-c and d-c circuits are isolated. 
Also, the transformer makes it possible to increase or de- 
crease the d-c output voltage with respect to the a-c input 
voltage. This type of rectifier is not suitable for some appli- 
cations as the output voltage is not a continuous value. It 
is a pulsating d-c voltage. Also, the rectified current flows 
through the secondary winding of the transformer. This 
causes changes in the transformer voltage and, hence, 
further fluctuations in the rectifier output voltage. 


A vacuum diode tube permits elec- 
trons to flow from the cathode to the 
anode only when the anode is at a 
positive potential. When the anode 
is at a negative potential, no current 
will flow as the electrons will be re- 
pelled by the anode’s electrostatic 
field. The current is rectified since 
it can flow in only one direction 
through the tube. 











This is a very commonly used type of rectifier as the output 
is more nearly constant than that from a half-wave recti- 
fier. There is no d-c iron transformer core saturation be- 
cause the d-c fluxes in the two secondary windings are op- 
posed to each other and produce a resultant magnetization 
of zero. Each half of the secondary winding must deliver 
the maximum output voltage of the rectifier. Thus, the 
total voltage across the transformer secondary is twice 
that required for the same peak output voltage from a half- 
wave circuit. 










-Jube for half-cycie’B” 










lg Anode current 





T" for half-cycle "A" 


A single full wave rectifier tube (double-diode) can be used 
in place of two half-wave, single-diode tubes to accomplish 
full wave rectification. For many applications it is satis- 
factory to connect the positive output lead to the cathode 
rather than the cathode transformer center tap. The peak 
voltage for every other half cycle will be different from 
that of the previous one by an amount proportional to the 
cathode voltage drop. In a radio receiver, for example, this 
condition could cause “hum.” 


Alternating 
voltage 
input 









This circuit requires only one secondary transformer wind- 
ing for the anode voltage. It has some disadvantage in that 
four tubes are required. Also, more than one filament 
transformer winding must be used because the cathodes are 
at different potentials. When the upper end of the trans- 
former winding is at a positive potential, current can flow 
through tube No. 2, through the load, and return through 
tube No. 3. When the polarity reverses, tubes No. 4 and 
No. 1 conduct. This bridge circuit is often used with 
dry plate rectifiers replacing the tubes. 





The principle of operation is the 
same as for the half-wave rectifier. 
The connection of one, two or more 
tubes is such that the anodes alter- 
nately supply rectified current to the 
load. A tube conducts only when 
its anode is at a positive potential. 
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Rectification and Voltage Transformation 
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Tube No.1 






Tube No. 1 conducts during 
the positive half-cycle and a 
positive charge accumulates 
on the upper plate of con- 
denser C:. A positive voltage 
(+Em) builds up across the 
condenser to a maximum 
value equal to the peak oí 
the a-c input voltage. 


Tube No. 2 conducts during 
the negative half-cycle and a 
negative voltage (— Em) 


builds up across the condenser 
Ca 


Since the condensers do not 
lose their charge during a 
half-cycle of time, the total 
output votage is twice the 
aos a-c peak voltage for no 
oad. 


Operation of Tube No. 1. (Tube No. 2 
operation is similar.) The circuit output volt- 
age increases with input voltage until the a-c 
voltage overcomes the biasing voltage E,.- 
Then as the tube conducts the increased cur- 
rent flow through resistor R, increases the 
voltage drop and prevents an increase in out- 
put voltage. 








Operation of Tube No. I. (Tube No. 2 
operation is similar except for negative anode 
current pulses.) Current flows in the circuit 
and through the resistor only when the a-c 
instantaneous voltage exceeds the biasing 
voltage E,. 


Amplitude Modulation 


Unrnodulafed 
R-F carrier 







4 anode 

current 
Anode 
voltage E, 


Modulated 
R-F input 
wore 
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A-F modulating Modulated 
ware R-F wave 
X alic Detected 
Y rectified 
= EN ee 
voltage 


Time ----» across condenser C, 

Detection (Demodulation). Current flows 
through the tube only when the anode is 
positive. The envelope of the rectified wave 


is proportional to the original modulating 
wave plus a steady d-c voltage. The d-c 


component can be eliminated by a filter. 


| ELECTRICAL AND ELECTRONIC COMPONENTS 


Remarks 





The voltage doubler circuit is a special rectifier circuit 
which employs two diode vacuum tubes and two capacitors 
so arranged that the output voltages of the half-wave recti- 
fier tubes are connected in series. The d-c output voltage is 
twice the peak a-c input voltage at no load. It may be used 
for a high voltage d-c supply without the use of a trans- 
former between the rectifier and the a-c supply. As the volt- 
age regulation is poor and the tube peak currents are high, 
the use of the voltage doubler circuit is limited to applica- 
tions which require very little power. 





This circuit operates the same as the previously described 
voltage doubler. The tube was especial!y designed for volt- 
age doubler circuits and combines two diode vacuum tubes 
in one envelope. With the connection shown, no anode or 
heater transformers are required. This tube and circuit are 
frequently used in “transformerless” radio receivers. 





A rectangular wave form can be obtained by clipping off 
the peaks of a sinusoidal voltage wave. Application of a 
rectangular voltage wave to certain capacitor-resistor cir- 
cuits will produce a very sharp voltage peak wave form. 
This voltage pulse may be used for triggering or initiating 
current flow in a thyratron tube or controlling the opera- 
tion of a trigger circuit. The rectangular wave form may be 
amplified and reclipped to obtain a more abrupt change in 
voltage. The fidelity of an amplifier or transformer may be 
checked very quickly by impressing a rectangular or square 
wave form on it and viewing its output with a cathode ray 
oscilloscope. The apparatus must reproduce the funda- 
mental wave form and at least the 30th harmonic. 


By biasing the anode circuit very high with respect to the 
impressed a-c peak voltage, a symmetrical voltage pulse can 
be obtained. The tube conducts current only at the peak 
of the voltage wave or when the a-c voltage exceeds the bias- 
ing d-c voltage. The voltage drop across the resistor provides 
the output voltage. The duration of the pulses can be de- 
creased by amplifying them and then impressing them on a 
similar pulse forming circuit. The pulse may be used for 
triggering or initiating operation of certain circuits and 
apparatus. 





In radio and carrier-current communication a R-F (Radio- 
Frequency) wave is used as a carrier because it can be radi- 
ated. In transmission of speech or signals, the carrier must 
be modulated or varied in amplitude by an A-F (Audio- 
Frequency) wave. The detector in a radio receiver separates 
from the R-F wave, a wave form which is proportional to 
the original A-F signal and which will approximately repro- 
duce the original sound in the speaker. When the rectified 
current flows through the resistor, the condenser C, is 
charged to the peak voltage of the modulated signal. When 
the tube is not conducting and when the signal has a nega- 
tive value, the condenser discharges through the resistor 
to a value slightly lower than its original charging voltage. 
When the positive R-F voltage exceeds the condenser volt- 
age, the tube will conduct and recharge the condenser. The 
envelope or contour of the output wave is proportional to 
the original sound wave or signal. 





Obtaining Bias Voltages in Triode Vacuum 


Input Voltage Circuit Sketch Output Voltage 
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Operation 
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" ® Operation of tube and shape of out- 

i) B, I E put wave can be controlled by th« 

9 Grid ___ » R potential value applied to grid 

§ bias "8 

Z 

[3 The anode current (/,) through 

n the cathode resistor R, provides 

Fi a voltage drop which biases the 

k grid negatively with respect to the 

- k; cathode. 

& 

r The cathode by-pass condenser 
Cy is used to shunt the a-c com- 
ponent of the anode current 
Írom the resistor. An a-c com- 

— ponent through the resistor Ry 
would cause an a-c voltage drop 
which in turn would produce 

i negative feed-back. Feed-back 

ji reduces the amplification. 

7 
of the condenser C, and the grid 

Ig leak resistor Ro is large com- 
grid --- pared to the period of time the 
current grid is positive. Therefore more 
electrons are imposed on the grid 
o * circuit than can immediately leak 
Grid volts (E, off through the resistor or return 
(Eo) to the cathode through the tube. 
When the grid is driven positive The trapped electrons stored in 
electrons flow from the cathode condeaser make grid negative 
to the grid The time constant with respect to the cathode. 
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| ELECTRICAL AND ELECTRONIC COMPONENTS 


Remarks 





Bias is the fixed voltage applied between the grid and 
cathode electrodes of a triode vacuum tube. In an unbiased 
triode, anode current is an amplified function of the a-c 
voltage signal impressed on the grid, as can be seen from 
the accompanying graph of anode current vs grid voltage. 
Biasing the grid has the effect of shifting the axis of the 
a-c input voltage to the grid to the right or left, depend- 
ing on whether the bias voltage is positive or negative. 
Thus, the triode can be made to operate at any section of 
its anode current vs grid voltage characteristic by selec- 
tion of the appropriate bias voltage. The grid bias and 
anode batteries may be replaced by electronic rectifier and 
filler circuits. 


Self bias or cathode bias should not be used in a circuit or 
application where the anode current varies. A variation in 
anode current and bias resistor drop will change the point 
on the characteristic curve at which the tube operates. 
Self bias is often used with Class A amplifiers, because it 
is inexpensive and because the d-c anode current is sub- 
stantially constant with or without input voltage on the 
grid. The grid bias for most applications is usually nega- 
tive, since a positively charged grid will draw electrons 
from the cathode and decrease the net anode current. 





Grid leak bias is mainly used for control in radio fre- 
quency power amplifiers and some detector circuits. In 
any case, this type of grid bias cannot be used when the 
grid is always negative with respect to the cathode. The 
grid must be operated at positive potential at least part 
of the time in order to draw grid current and produce a 
voltage drop in the grid leak resistor Ry or an excess of 
electrons on the grid. 





The output voltage and current of a triode vacuum tube 
rectifier can be varied by adjusting the grid bias potential. 
For the circuit shown, the output current is a maximum 
when the grid bias potential is zero. The output current 
value can be reduced by applying negative grid bias to the 
grid of the tube. If the grid bias circuit is arranged so 
that the grid may be made positive with respect to the 
cathode, the output current can be made to exceed that 
which flows at zero grid potential. 





As a vacuum tube voltmeter has a relatively high input 
impedance, it is very convenient to use for very accurate 
measurement of both d-c and a-c voltages up to very high 
frequencies. Because the vacuum triode tube output is 
controlled by an electrostatic field emanating from the 
grid, little or no power is taken from the circuit to be 
measured. 

All a-c vacuum tube voltmeters are essentially rectifiers 
which can be calibrated to read the rms, average, or peak 
values of the voltage input. This type of voltmeter can be 
made almost independent of frequency or wave form. A 
special coaxial probe is usually used for voltage measure- 
ment of frequencies above a megacycle. 
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Operation (depends on grid bias selected) 





Class A Amplification 


Operating 
point . 


Pulsoting output 
current 


Anode 
current 











| Anode current 
at O input, 


Grid volts . Faithful reproduction of input 


wave form. 


nput ~ . . y 
velia - High amplification. 
. Relatively low power output for a 
E ù given tube. 
Grid bios * 4. Relatively low efficiency. 


In general, a Class A Amplifier is never driven positive with 
respect to the cathode and is not driven negative to the anode 
current cut-off point by the input signal. Anode current flows 
for complete input votage cycle. 


Class AB Amplification 
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| ELECTRICAL AND ELECTRONIC COMPONENTS 


Remarks 





The voltage or power of a local or remote energy source can 
be effectively increased by an amplifier which translates the 
signal into one of higher value by the control of a local 
power source. The amplifier classification is determined by 
the mode of operation of the tube with respect to the d-c 
and a-c grid and anode voltages, application and power 
output. This particular circuit is commonly used for ampli- 
fication of audio frequencies (15 to 20,000 cycles). The IR 
drop across the load resistor R; provides the output voltage 
as it varies directly with the anode current. If current 
rather than voltage amplification is desired, the load re- 
sistor may be replaced by a current operated device. 


The frequency range over which an audio amplifier oper- 
ates can be extended by the use of an inductance coil in the 
anode circuit. At medium and low frequencies, the resistance 
is negligible. However, at high frequencies the inductance 
resonates with the stray capacitance of the tube and wiring 
to maintain or increase the amplification. The inductance 
shifts the phase between the input and output voltages, which 
may be undesirable for some applications. The blocking 
condenser prevents the d-c anode current from flowing in 
the output circuit. For a given frequency range, condenser 
offers little impedance to a-c anode current. 





Both the input and amplified output voltages can be in- 
creased by means of transformers. For one particular oper- 
ating frequency, the transformers may have a 10:1 ratio be- 
tween the secondary and primary turns. For a wide fre- 
quency range, because of the transformer limitations, a trans- 
formation ratio of two to five is quite commonly used. The 
d-c anode current may saturate the iron core of the trans- 
former, but it is separated from the output because a trans- 
former cannot transmit direct current. Transformers are 
not often used above 10,000 cycles. The tube and wiring 
stray shunting capacitance cause the hump in the amplifi- 
cation curve at high frequencies. 





As a four element tube has a much higher amplification 
factor than a three element tube, the input voltages can be 
amplified to a still higher degree by a single stage ampli- 
fier using this tube. For still higher amplification than that 
possible from a single tube, the output of the amplifier 
can be used as the input to another similar amplifier circuit. 
The circuits are usually coupled through a condenser, trans- 
former, or other means to prevent the d-c anode voltage 
from being applied to the grid of the succeeding tube in 
the amplifier network. For this type of tube, the anode 
voltage should be high enough to prevent operation on the 
“negative resistance” portion of the characteristic curve. 





Still higher amplification than that possible with a three or 
four element tube in a single stage amplifier can be ob- 
taied by using a five element tube. For substantial power 
output and high efficiency of operation, two tubes are usual- 
ly operated in “push-pull” and Class B or C to minimize 
distortion in the output wave form. 
















Power and Voltage Amplifiers 


Type 










Circuit Sketch 


Input Voltage 


———— 








E Eg: Grid bias voltage Ea = Anode battery voltage 
d A A la = Anode current Eg * Grid input volfage 

ie m 2 

9e 

$ 

£4 

NZ 

x = 

E [one f 

-S cycle bili 

= & f = Frequency Grid bios Anode 

s A-C sine wove) battery battery 

* 

- (Grid bios suitable for class A,AB,B or C operation) 










= A=4.00e H= Heater 
= 2 G:Grid C= Cathode 
< m~ 

Q 

om 

6 

= 

w € One - np Output 

i ' cycle 

- 

= 


f= Frequency 


sine wove) 





Push-Pull Power 


(Heater cormection and power supply not shown) 










-L =-Aesistor Anode 
^ fa 
— —— =: Condenser volfage 
> Condense pts a 

I 






Feedback Volt- 


Amplifier (Triode) 


Output 





(A-C sine wove) 


Negative 
age 
















= 
ME € J-^ 
io 22 guy Tuned or 
- c s Sup - Suppressor grid resonant 
2 I c ng i » circuit 
3.42 J -= Variable condenser 
sos ' 
ae - 
Eon 
. Wo 
ES. 
i EC ` - -— One cycle IPL ut 
Ese 
$5.9 f = Frequency 
= SE 
7 E< A-C sine wove 
zz ( Heafer connection and power supply not shown) 
QR d. 
£d Ed ái 
i = A, Az As A4 E Anode 
22 circuits voltage 
tS battery 
s<a / 
= d 
7 à i BV} BY Bs B4 
TS, One oce 
3.96: 
B 
= > f= Frequency 
Bec (A-C sine wave ) 
= = ( Heater conection and power supply not shown) 








Product Engineering — 1954 









Output Voltage 


Class A operation 
A, A» 





One cycle 


Frequency - t cycles 


Amplification 


C/ass B operation 





+ One cycle 


Frequency = f cycles 


Class A operation 
A, A2 A; A4 





| By 


| B2 B3 B. 
4 bc 3 54 
| lOne cycle 


Frequency: f cycles 





~ 


be 
One cycle 
Frequency: cycles 


Annual Handbook 























Operation 


Total output 
current of 
B, Bo tubes No/, 2 


al \A\ ~~ Tube No | 


current 






Tube No 2 
current 


Tube Nal Tube No/ 
harocteristic current 
characteristic current | composite 
la current 
waveform 





‘Tube No2 

A> current 

« Grid Time —e 
Tz input 
“2' Tube No? 


^ararfer:sfic 


Vector diagram of amplifier with 
inductive load and without feed. 
back. The angle 6: is the phase 
distortion. 

With a feedback voltage Eps 
added to the grid voltage E,, the 
phase distortion @2 is reduced. 
The feedback factor is: 





This type of amplifier operates 
similarly to those previously de- 
scribed except that it can be tuned 
to be more responsive to one par- 
ticular frequency or frequency 
range. The values of inductance 
and capacitance determine the 
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fication can be varied by changing 
the capacitance value of conden- 
sers C,, and C,,. 


Amplification 


f Resonance 
Frequency — 
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Remarks 


Two or more tubes may be connected in parallel to provide 
a higher power output than is possible with one tube. The 
power output is proportional to the number of tubes em- 
ployed in the circuit. The grid control potential required is 
the same as for one tube. If the tubes are operated for Class 
C amplification, or if power is consumed in the grid circuit, 
the grid power required is proportional to the number of 
tubes in the circuit. In this particular circuit, the d-c anode 
current saturates the transformer. The voltage phase shift 
can be reduced by reversing the polarity of the trans- 
former output winding. 


The push-pull circuit for a power amplifier is superior to 
the parallel circuit shown above, because the wave form 
distortion is much less for the same power output. The term 
*push-pull" is used because the voltages and currents of 
the two tubes are out of phase. The current in one tube is 
increasing while the current in the other tube is decreasing. 
This characteristic can be illustrated very clearly in a 
graphical analysis for Class AB amplifier. This circuit is 
widely used because distortion is less (even harmonics can- 
cel each other) ; there is no d-c transformer iron saturation 
(d-e currents cancel each other); and little or no filtering 
of the output is required. 


A negative feedback amplifier is one in which some of the 
amplified output energy is introduced into the input grid 
circuit in such a manner that the net grid input voltage is 
reduced. Although negative feedback reduces the gain or 
amplification, it is advantageous because it reduces the fre- 
quency, harmonic and phase distortion. It also provides 
greater stability than an amplifier without feedback. The 
performance characteristics are not as sensitive to changes 
in individual tubes or in the applied voltage. The amplifi- 
cation vs frequency characteristic is almost constant for a 
wide frequency range. Positive feedback is unstable and 
may cause the amplifier to oscillate. 


Five-element tubes are usually used in high frequency or 
radio-frequency amplifiers because the  inter-electrode 
capacitances are considerably lower than those of a three- 
element tube. This particular type of amplifier circuit is 
seldom used as a voltage amplifier, since its characteristics 
are inferior to those of the double-tuned or transformer 
coupled types. Because of the inductance coil limitations, it 
is seldom possible to obtain more than 10 percent of the 
tube amplification factor. This circuit is frequently used 
for power amplification. 


This type of circuit is widely used in broadcast receivers 
since it is responsive only to a certain frequency range. 
Also, as the cut-off characteristic is sharp and the maxi- 
mum amplification range is broader and almost constant 
near the resonant frequency, it permits easy tuning or selec- 
tion of the frequency to be amplified. A common applica- 
tion of this circuit is for intermediate frequency amplifica- 
tion in a superheterodyne radio receiver. 


























































Using Cathode Ray Tubes for Voltage Wave Form | Anz 
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Remarks 


Electrons emitted from the cathode are focused by the first 
and second accelerating anodes into a concentrated beam. The 
electrostatic field produced by the two anodes is analogous to 
an optical lens system for converging light rays as it makes the 
electron paths converge to a point on the fluorescent screen. À 
narrow beam of rapidly moving electrons is known as a cathode 
ray. 

The electron beam can be deflected vertically or horizontal- 
ly by electrostatic fields emanating from the deflecting plates. 
The electron beam deflection is at right angles to the plane of 
the deflection plates and is attracted to the positive plate and 
repelled by the negative. 

The cathode-ray tube is a tool that can be successfully used 
in the measurement of voltage, current, power, or frequency; 
determination of amplitude, phase, and frequency modulation 
patterns; amplifier and transformer response to a square-wave 
voltage wave; determination of vacuum tube characteristics; 
checking the response, alignment, coupling, and band of fre- 
quency response of tuned resonant circuits; and innumerable 
other applications. 


The cathode-ray tube may be used as a voltmeter in a circuit 
similar to the one shown if the tube is calibrated for electron 
beam deflection vs the potential applied to the deflecting 
plates. The deflection may be measured on a linear scale as the 
deflection is directly proportional to the deflection voltage E+. 

Deflection sensitivity is the ratio of the movement of the 
luminous spot on the screen to a unit voltage applied to the 
deflecting plates. Sensitivity is usually expressed in millimeters 
per volt. The potential of the second anode affects the sensi- 
tivity. The cathode-ray tube is more sensitive for low than for 
high anode potentials because a less intense electrostatic field 
is required for a given deflection of an electron beam with a 
low velocity. 





Luminous Vertical plate 
spot 





Horizontal plate 


Horisonfa/ pla te 


A d-c potential applied to both plates deflects the beam both 
vertically and horizontally. The kinetic energy released by the 
impact of the electrons when they bombard the screen produces 
fluorescence or the emission of light. The continued emission 
of light from the screen after the bombardment has ceased is 
known as phosphorescence and depends upon the screen coat- 
ing, velocity and concentration of the electron beam. The color 
of the light depends upon the phosphor coating. 

Continued bombardment upon one spot of the screen re- 
duces the sensitivity of the coating. If the focused electron 
beam is allowed to remain in one spot too long, it may not 
only destroy the phosphor coating, but may also melt a hole 


in the end of the tube. 


The luminous spot moves up and down in simple harmonic 
motion when a sine wave of voltage is applied to vertical plates. 

The first anode is usually designated as the focusing anode 
because the potential applied to it determines the focus or 
sharpness of the electron beam convergence at the screen. The 
second anode is usually operated at a fixed potential while 
provision is made to permit adjustment of the first anode 
potential, the luminous spot can be adjusted or focused to a 
very distinct spot on the screen. 
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Cathode-Ray Tube Circuits for Voltage and Current 
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| Analysis 


Operation 
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Remarks 





The luminous spot moves in a straight line or trace on the 
screen when potentials that are in phase and of equal amplitudes 
and frequencies are applied to the vertical and horizontal deflect- 
ing electrodes. 

If an unknown voltage wave is applied to one set of plates, its 
phase angle, frequency, and amplitude can be determined when a 
sine wave is applied to the other set of plates. The resulting 
trace produced by the voltage waves applied to this and the next 
circuit shown are known as completed-loop type of Lissajous 
figures. 

As the electron beam has a very low inertia and as little or no 
power is required to deflect it, the cathode-ray tube may be used 
to study electrical phenomena of radio frequencies. 





When two sine waves of equal amplitude and frequency, but 
90 deg out of phase with each other, are applied to the deflection 
plates, the electron beam is given a circular motion, producing a 
circular trace. 

The potential E, on the second anode determines the velocity 
of an electron when it leaves the second anode. The electron 
velocity in kilometers/second — 593v E,. If the anode potential 
is 1,200 v, the electron velocity will be approximately 20,000 km 
per sec, or 12,000 miles per second. For a tube whose screen is 20 
em from the deflecting plates, the time for the electron to 
travel from the anode to the screen will he 1/100,000,000 second. 


When a linear sweep wave is applied to the horizontal deflect- 
ing plates, the wave applied to the vertical plates will be swept 
across the screen horizontally at a uniform rate. The resistors 
Ryp and Ri» are employed to provide a path to ground for drain- 
ing off any accumulation of electric charge on the plates. 

In a practical cathode-ray tube circuit, a d-c biasing means is 
usually provided so that the electron beam can be centered on the 
sereen when stray electrostatic and magnetic fields disturb the 
electron stream. It can also be used to center the voltage waves 
on the tube centerline. 





When the frequency of the linear sweep wave applied to the 
horizontal plates is the same as that of the vertical plates, the 
trace will have a wave form similar to that of the voltage applied 
to the vertical plates. The intensity of the luminous spot or the 
number of electrons in the beam can be controlled by the po- 
tential of the grid. This grid control characteristic is utilized in a 
television tube. The luminous spot is swept across the screen in 
a horizontal direction at a rapid and uniform velocity by a saw- 
tooth wave. At the same time another linear sweep circuit moves 
the beam in the vertical direction. As a result, a rectangular light 
pattern appears on the screen. Light and dark areas are formed 
when the beam is modulated by the grid potential. 





if the sweep frequency is known, the frequency of the voltage 
wave applied to the other set of plates can be determined from 
the trace produced on the screen. The voltages applied to this 
and the two previous circuits illustrate the effect of the sweep 
frequency on the resultant luminous trace. 

The cathode-ray tube is the only device that can sometimes be 
used to observe some electrical phenomena and is the main ele- 
ment of a cathode-ray oscilloscope. An oscilloscope usually con- 
sists of a cathode-ray tube, a vertical amplifier, a horizontal 
amplifier, a sweep oscillator, and a power supply. 
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Junction line 


-—— Hole motion 


Junctian line 


Electron motion ——» 


(9 Donor atom 


Fig. I—When p- and n-type materials form a junction, they set up a contact potential as indicated by 
the dashed symbol. Any hole tkat tries to diffuse from acceptor material to donor material must climb 
the potential barrier (A) caused by the array of donors near the junction. Any electron that tries to 
cross from n region to a p region must also climb a reverse potential as shown in (B). 


Fundamentals of 


Simplified description of how both point contact 


and junction transistors work. 


THI 


a : 
simple device 


TRANSISTOR is a mechanically 
that can amplify elec- 
tric current and voltages. Considered 
the first the electron 
it may be superior to the 
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At the heart of 
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electrons, 
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material most of the 
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Experiments Illustrate 


onductor. But if impurities are added 
in carefully measured amounts, it is 
possible to improve the conductivity. 
The foreign elements, called donors, 
provide additional electrons that are 
free to move and carry current. (It is 
customary to italicize the » to show 
that door materials give rise to nega- 
tive Carriers. ) 

Since germanium is a four valence 
element, four electrons are needed in 
covalent bonds. If a trivalent impurity 
like boron is added to molten ger- 
manium, upon solidification, the atoms 
of boron replace atoms of germanium 
at the lattice points of crystal structure. 
Each boron atom steals an electron 
from a neighboring valence bond, leav- 
ing that bond with a deficiency of one 
negative charge. Such impurities are 
known as acceptors (italicizing the p 
shows that the material thus created 
supplies positive carriers). In p-type 
material, the majority of current car- 
riers are the positive charges left by the 
theft of electrons, or because there is 


Product 


a deficiency of conventional current 
carrying particles—holes. 

Scientists can explain observed con- 
duction phenomena in semiconductors 
only by assuming that the holes play the 
same role in the conduction process as 
do electrons. Both are always present. 
In n-type germanium, electrons greatly 
outnumber the holes and are the major 
current carriers; in p-type material, 
holes outnumber the electrons 

Although their existence is a new 
idea, the holes appear to obey many of 
the well established scientific principles. 
Probably most important in transistor 
action: diffusion. On a microscopic 
scale, holes move throughout the semi- 
conductor material in a random man- 
ner, obeying general energy laws so 
that their velocity is a function of tem- 
perature. On a larger scale, the net flow 
can be combine directed by concen- 
tration gradients, flowing toward a 
region of smaller hole density. 

Current amplification in a transistor 
stems from increased conductivity, di- 
rectly attributable to the interaction of 
holes and electrons. Voltage amplifica- 
tion is the result of injecting electrons 
through low impedance barriers and 
then collecting them through high im 
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+ holes 
donor atoms 
- electrons 


Fig. 2—Point contact transitor action according to one theory. 


P-Type moterial 
/ b 


Contact 
«Potential 





When biases 


are applied as indicated (emitter always biased in the forward direction, col- 
lector in the reverse or high resistance direction), the p-n junction at the 
emitter contact introduces holes by diffusion into the n-type semiconductor. 
The larger reverse voltage applied to the collector produces a potential 
gradient in the semiconductor. The effect of this is to attract most of the 
holes introduced by the emitter, and in turn, the positive space charge induces 
a large number of electrons to flow from collector towards the base. Thus 
collector current consists of the hole current—closely approximating emitter 
current—plus the electron current. The sum is greater, of course, than the 
emitter current alone, so the current multiplication factor is greater than 
unity, and there is current amplification. 


Transistor Action 


pedance walls. To obtain the effect it 
is usually necessary to have both types 
of semiconductor material at a junc- 
tion. What happens when they come 
together is illustrated in Fig. 1. 

To date this theory has resulted in 
development of two main kinds of 
transistors: point contact and junction. 

The former was the earliest devel- 
oped and consists of: 1) a base pellet 
of n-germanium with about four to 
five ohm-cm resistivity, 2) two cat- 
whisker electrodes spaced close to- 
gether and pressing on the top sur- 
face, 3) an ohmic soldered base connec- 
tion on the underside of the pellet, and 
4) small regions of p-type material 
under one or both whiskers to better 
the supply of holes. 

When this device is in operation 
(Fig. 2), the emitter whisker draws 
electrons from valence bonds of base 
metal atoms close to the emitter, and 
pushes holes by diffusion into the n- 
type material. Most of the emitter cur- 
rent is due to movement of holes. 
Those that reach the vicinity of the 
collector, tend to dissipate the po- 
tential through the effect of positive 
space charge. Such a field permits an 
increased flow of normal current car 


riers and, as a result, current amplifica- 
tion. 

‘The junction type transistor consists 
of a thin layer of one kind of semi- 
conductor material, sandwiched be- 
tween the other. In one design, there 
is a rectangular bar of n-type material 
with a thin center layer of p-type mate- 
rial. In another, indium dots are al- 
loyed on two sides of a germanium 
pellet. The result is a sandwich of ger- 
manium between two regions of 
indium. 

When biased properly (Fig. 4), 
electrons diffuse from the electron-rich 
n-material across the emitter junction 
into the base region. If this volume is 
exceedingly thin the electrons will not 
recombine in the p-type material but 
will pass across the collector barrier 
The cloud-like space charge caused by 
the holes eases the flow of electrons to 
the collector. Since the electrons are in- 
jected through a low forward im- 
pedance and are collected through a a 
high reverse impedance, there is very 
high voltage amplification. But because 
about the same number of electrons 
cross both barriers there is no current 
amplification. 

Bulk barriers, 


in the junction tran- 
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Collector 
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Collector current 


Fig. 3— Curve for point contact tran- 
sitor. In region from point A to B, a 
small increase in voltage means a 
large increase in current. But beyond 
point B, an increase in V. does not 
bring about a proportionate in- 
crease in the current. When biased 
beyond this point, the available sup- 
ply of holes from the emitter is 
exhausted and further increases in 
current stem from additional col- 
lector current. 


sistor, are much better rectifiers than 
point surface barriers in the point con- 
tact device. As a result, the ratio of col- 
lector reverse impedance to emitter 
forward impedance is many times great- 
er—more than enough to offset the 
point contact's higher current amplifica 
tion so that the junction type unit can 
have a greater gain per stage 

Main advantages of the junction type 
transistor include: 

1) Relatively low noise figure 

2) Freedom from short-circuit in 
stability. Input and output impedances 
are always positive whether the tran- 
sistor is connected grounded-emitter, 
grounded-base, or grounded collector 
This provides freedom in circuit design 

-by choosing the appropriate connec- 
tion, it is possible to vary input and out- 
put impedances 

3) High gain, of the order of 40 to 
50 db. 

4) Power handling capacity and ef- 
ficiency. Design can be varied to permit 
the required amount of power dissipa 
tion up to at least two watts. Static 
characteristics are such that Class A 
efficiencies of 48 or 49 percent out of a 
possible 50 percent can be realized 
Efficiencies for Class B and Class 
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operation are correspondingly high 
5) Sturdiness and small size 

6) Freedom 
7) Exceedingly small 


sumption 


from microphonics 


power 


The most important characteristic of 


the point contact transistor is it's nega 
tive resistance. The holes form, in th 
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in the region of the conducting path 
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Fig. 4—Junction transistor action. Electrons from electron-rich n-type material diffuse across 
the emitter barrier into hole-rich p-type material. If the region of such material is very thin 
the electrons do not combine with the positive holes but drift towards the collector. 


do not run hot and require less power 


for operation; increased reliability; in- 
ased versatility in circuit 
To date, these functions have been 


performed satisfactorily by transistors: 


design. 


Permits 
splitting a signal into two-out-of-phase 
signals for push-pull amplification 
without the use of transformers. To ac- 


( mblementary symmetry 


ymplish this, the bases of two junction 
pnp and one npn are 
fed in parallel. One transistor amplifies 
the positive half of the signal, and is 
remainder. The 
other transistor performs in the reverse 


transistors, one 


nactive during the 
manner 

One use of this technique is to ob- 
tain high gain with low distortion. The 
transistors in complementary symmetry 
are used as a phase splitting preampli- 
fier stage. The out-of-phase signals are 
sent directly to the base-input comple- 
mentary-symmetry following 
There, the split-phase signals receive 
further amplification and are recom- 
bined into a single-ended signal that is 
pplied directly to the voice coil of a 


stage 


» 
loudspeaker 


S Point contact transistors 
us ] ud — 
arly well adapted to switch- 
in computers and other 


lipment because of tht 


witching 
particul 
' operations in 
r negative re- 
ristic and their higher 
than junction de- 
vices. In operating, a minute signal is 
l e element of the device 


capable 
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Pulsing: An operation similar to 
switching. The transistor receives a sig- 
nal and turns out a shaped wave to 
meet the specific requirements of a 
particular application. 


Oscillating: Point contact transistors 
are particularly well recommended for 
use in oscillators because of their nega- 
tive resistance characteristic. The de- 
vices can be made to oscillate at most 
frequencies. 


Photo Transistors: A modification of 
usual transistor types that may replace 
photo tubes. The emitter electrode of a 
conventional device is removed; holes 
are injected by the effect of impinging 
light energy. Instead of the emitter po- 
tential drawing electrons out, light 
photons supply the necessary energy. 


Magnetic Amplifiers: The most sig- 
nificant application in industrial con- 
trols is the combination of the transistor 
and the magnetic amplifier to produce 
exceptional large changes in power 
with minute control signals. The tran- 
sistor serves as a preamplifier raising 
the input signal to a level that can be 
handled efficiently by the magnetic am- 
plifier. 

Most significant of recent develop- 
ments has been the evolution of tetrode 
and pentode transistors. These new de- 
vices will broaden the application of 
tubeless units by replacing older three 
electrode designs on a one-for-two or 
one-for-three permitting 
even more compact electronic circuits 


thus 


basis, 
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Tantalytic Capacitors 
for Low Voltage Use 


.. . Comparison with aluminum and paper types. 


... Voltage, capacitance and thermal limits. 


... Suggested fields for application. 


L. W. FOSTER 


General Electric Company 
Capacitor Department 
Hudson Falls, N. Y. 


TANTALYTIC CAPACITORS are foil-type 
electrolytic units that are used for low 
voltage d-c ap plications where the per- 
formance of aluminum electrolytic and 
paper capacitors have not been entire- 
ly satisfactory. They are small size 
lightweight, sturdy capacitors with long 
shelf and operating life 

Main advantages over the aluminum 
electrolytic and paper units are small 
size, light weight, and excellent ther- 
esr limits. Further developments indi- 
cate that wider temperature ranges, 
smaller sizes, and lower costs are pos- 
sible 

An evaluation is shown in Tables I 
and II of the three types, and data re- 
lating to electrical and mechanical 
characteristics are discussed in the fol 
lowing These data should 
prove useful in establishing other ap 
plications for tantalytic 


sections 
C apa itors 
Electrical Characteristics 


T rm id l nil 


characterist 


: One of the outstanding 
| Tantalytic capacitor 
an extreme 
Units, having good 


ics of 
IS Its ability to ope rate over 
temperature range 
life characteristics, are operating from 

55 to +85 C, and it is possible to de- 
capacitors that will operate at 
even higher temperatures 


The 


limits sets the 


ve lop 


thermal 
upon which 
the capacitor is electrically rated. In 
ternal heating in the capacitor is caused 
by the d« E re 


tric lk sses 


ambient point of the 


base level 


by dielec- 
1 when a-c currents 
pass through it, or by a combination of 


current, 





renerate 
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these a-c and d-c currents. Thi capaci- 
tor has a small heat radiating surface 
per muf of ante when compared 
to paper types, and the d-c leakage cur 


rent iol a-c power factor, having a 
higher magnitude than those 


heat 


tor papi r 


nerate more Therefore, as the 
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ambient temperature increases, the ca- 
pacitor life expectancy decreases. 

Tantalytic capacitors can be made 

to withstand short cycles of tempera- 
tures up to 110 Cand unelectrified, can 
withstand temperature changes from 
-70 to +110 C such as might be en- 
countered during storage conditions. 
Thus, the use of tantalum oxide dielec- 
tric instead of aluminum oxide or 
paper, offers a capacitor with a wide 
range of temperatures for a variety of 
capacitor applications. 
Capacitance limits: Another advantage 
of the tantalytic capacitor is its ability 
to maintain capacitance over wide tem- 
perature ranges. The temperature co- 
efficient of capacitance is positive; that 
is, if temperature decreases, the capaci- 
tance decreases. The capacitor will re- 
tain 65 percent of its 25 C rated capaci- 
tance at —55 C when measured at 120 
cycles. The rated capacitance value in- 
above 25 C to approximately 
110 percent at 110 Centigrade. 

This variation in capacitance with 
temperature is the result of the variable 
conducting power of the electrolyte 
and spacer material. The tantalum ox- 
ide film has a small temperature varia- 
tion because it is a solid-crystal physi- 
cal structure. However, the electrolyte 
material, being a liquid, changes vis- 
cosity and electrical resistivity with 
temperature. A maximum of conduct- 
ing power can be obtained with electro- 
lytes such as sulfuric acid and phos- 
phoric acid that have low sparking 
voltages, but these electrolytes limit 
the capacitor rating to 100 v per sec- 
tion. To get higher voltage, a series 
connection must be made. 

Voltage vs capacitance ratings for 
non-polar types c an be found by using 
Fig. 1 or Tables IIT and IV. For polar 
units, since the cathode has a 3.75 v 
rating, a simple relationship does not 


creases 


exist and, therefore, Fig. 2 or Tables 
III and IV must be used. Ex may be 
made lower but engineering recom 


1endations should be The 


obtained. 
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formulas given may be used to esti 
mate capacity values for voltages (Ex) 
below 3.75 volts. 


Leakage Current Limits: The leakage 
current of thc Tantalytic c apacitor in- 
creases with temperature and for prac 
tical applications should be taken as 
the value at the highest temperature 
Typical curves are shown in Fig. 4 
for this leakage current vs time. 

The capacitor has a varying current 
when electrified and there are three 
parts to this current: (a) transient 
charging current: (b)  decremental 
leakage current: c) steady state leak- 
age current. The charging current flow, 
Fig. 3 (a) is common to all capaci- 
tors and is a function of the magni 
tude of voltage, value of electrical ca 
pacitance, and the amount of resis- 
tance in series with applied charging of 
voltage and capacitance. The leakage 
current due to continuous flow of cur- 
rent is shown in portion (c) of Fig 
3, and after a 10 min electrification 
time becomes stable. This time inter- 
val is a convenient reference point, for 
applications where leakage currents are 
important. The maximum leakage cur- 
rent should be determined for the time 
interval required and Fig. 4, will be 
helpful in estimating this value. 

The amount of leakage current for 
a given voltage rating is influenced by 
the area of the anode and the the-mal 
and electrical history of processing. For 
Tantalytic capacitors the leakage cur 
rent is approximately proportiona il to 
the capacity rating, thus Fig. 4 is given 
in micro amps per microfarad of ca- 
pacitance. The leakage current is as- 
sumed proportional to the applied 
voltage. 


Voltage limits: 'The rated voltage of a 
tantalytic capacitor is the maximum op- 
erating voltage. So that a safe surge 
voltage rating can be specified, the 
units are aged at a higher voltage than 
the rated one, thus allowing a 16! 
percent higher surge voltage to be car 
ried for a short period of time 

The amount of a-c voltage that can 
be safely carried depends upon the 
amount of heating, frequency, and di 
rection of the applied volt age This can 
be calculated from Figs. 5 and 6 


The crest voltage is EV2 = 1.41F 
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Characteristics 


Voltage Range: 
d-c 0-150 
150-500 
500-1,000 
a-c 


Capacitance Temperature Coefficient: 


20 to + 85C 

55 to 85C 

55 to 125 C 
Power Factor: 


Insulation Resistance: 


Service Life: 

40 C 

85 C 

125 C 
Shelf Life 
55 C 


ur 


un 


C 
5C 


0 to uU 


Sizes: 
Weight: 
Vibration and Shock: 


Cost: 
0—150 v d-c 
150-500 v d-c 
500-1,000 v d-c 


Standardization: 
Availability: 


Chance for Improvements by 
Further Development: 
Wider Temp. Range 
Size Reduction 
Cost Reduction 





Table II—Comparison of Various Type Capacitors 


Tantalytic 


Good 
Poor 
Poor 

Low 


Good 
Good 
Fair 


High 
Low 


Good 
Good 
Fair 


Good 
Good 
Good 


Small 
Low 


Good 


High 
High 
High 


None 
Fair 


Good 
Good 
Good 


Aluminum Elec. 


in Terms of Percent Volume 





Tv pe 


Paper 

Ceramic 

Metalized paper 
Aluminum Electrolytic 
Tantalytic Capacitor 





100 volts d-c 


100 
96 
65 
23 
15 


Good 
Good 
Poor 
Low 


Good 
Poor 
Poor 


High 


Low 


Good 
Fair 


Poor 


Good 
Fair 
Poor 


Small 
Low 
Good 


Low 
Low 
High 
Poor 


Good 


Poor 
Poor 
Poor 


Percent Volume 


i 
| 
| 


| 300 volts d-c 


100 
250 


N Ww 
uo 





Table I—Evaluation of Tantalytic vs Paper and Aluminum 
Electrolytic Capacitors 
sss 


Paper 


Poor 
Good 
Good 
High 


Good 
Good 
Good 


Low 
High 


Excellent 
Excellent 
Good 


Excellent 
Excellent 


Good 
Large 
High 
Good 


High 
Medium 
Low 

Poor 


Good 


Fair 
Poor 
Poor 


1,000 volts d-c 


100 
400 


Table I1I—Maximum Capacitance Values for Maximum 


150 v d-c Rating 





Case Size, Max 





2 muf 
4 muf 
8 muf 
12 muf 


Capacitance Values 


Cx» 


1 muf 
2 muf 
4 muf 
6 muf 


Cr 


80 
160 
320 
480 


ww 
yyy 
un yn 


we 
un uu 





and should not exceed the d-c voltage 
rating. Where a-c voltages are to be 
superimposed on d-c voltages, the crest 
value of the sum of all the voltages 
should not exceed the d-c rating of 
the capacitor. Where continuous peak 
a-c voltages greater than 75 percent 
of d-c rating are used application 
should be checked by life test. 

To obtain higher voltage ratings the 
capacitor can be series connected. How- 
ever, due to the variation in leakage 
current characteristics a voltage bal- 
ancing resistor must be used to ensure 
long life. A balancing resistor having 
about 1/3 of the resistance of the 
capacitor is adequate. 

In applications where the small cur- 
rents caused by the balancing resistors 
are objectionable, tests should be made 
in the desired circuit to the capacitor s 
rated voltage. The balancing resistor 
should be connected across each series 
connected capacitor. In the series con 
nected units, it is necessary to ele 
trically insulate the metallic cases from 
ground and each other. For applica 
tions of this kind, capacitors can be 
supplied with plastic insulating sleeves 


Power factor: Power factor will in- 
crease with temperature and, therefore 
the heating caused by a-c voltages must 
be considered at the maximum appli- 
cation. temperature. Normally, at 60 
cycles it will be about 0.9 times the 
120 cycle value and at 1,000 cycles 
will be about 1.1 times the 120 cycle 
value. At —55 C and 120 cydes the 
power factor will range between 25 
and 50 percent, depending on the 
rating being tested. 

The power factor increases with 
service life but does not exceed 15 
percent during the full life of the ca- 
pacitor. It varies with capacity because 
of the ohmic resistance of anode and 
cathode foils. For very low voltages and 
large capacity ratings this can be an 
appreciable effect resulting in a high 
power factor. 


Ratings: A polar capacitor is suitable 
for use on voltages which have no re- 
versal. However, in many circuits a 
slight reverse voltage may occur and 
the cathode of the tantalytic capacitor 
can carry a reversal voltage of 3.75 v. 
The polar type is, therefore, a non- 
polar capacitor of 3.75 v. For circuits 
that are designed for voltage reversals, 
only non-polar types should be used 
If the non-polar capacitor is used 
for long periods of time (several hun 
dreds of hours) without reversal the 
normal rated capacity will gradually in- 
crease about 75 percent (1 muf to 1.75 
muf). However, when the potential is 
reversed (for a matter of minutes), 
this rise in capacity does not occur 
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Table IV 
Application Example Data 





To use Figs. 1 and 2 and Table II assume: 


E = desired voltage rating = 100v for 
| 3/8 X 1 7/16 ease size, non-polar ca- 
pacitor 
Then: C = (Cyp) X (150/EB) 
( New capacitance value in 
muf 
Cx non-polar capacitance 
value from Table II 
( 2 X 1.5 = 3.0 muf or read 
directly from Fig. 1 at v = 100, C = 3.0 
or: for a polar capacitor using the above 
values 


. ( 3.75 ) j i5 
20 
y ( , Ex 
3.75 
CK E) + (Cp)(150 
UR] 


( new capacitance value in muf 

( K Effective capacity ol cathode 
trom Table Il 

E, Rated voltage on cathode 
irom Table Il 

Cr polar capacitance value 


from Table II 


160 1)(4)(150 


e 6 app. or 
160) (1 100) 4- (4 150 
read directlv from Fig. 2 at « 100 
c 6 ipp 
l'o use I igs. 5 and 6 assume 
9:32 X 57,64 vp rated at 150 v d-c at 


| muf to find voltage limit and current 
carrying capacity 
Then: at 1,000 cycles 
0.064 from Fig. 6 
R 11.5 from Fig. 5 


Therefore: AN/ ( 


I = current in amperes rms 
A = equivalent heating value 
( capacitance in mut 


I 0.064 amp rms 


E, —— (R 
v C 
E, volts resistive 
R series resistance in ohms 
Ex 0.736 v resistive 
i A (159,300 
E I 
v C f 
E. = volts reactive 
frequency in cycles per sec 
E 10.12 v reactive 
E V (Er)? + (E)? 
E 10.19 v rms 





Mechanical Characteristics 
Construction: Tantalytic capacitors are 
housed in a silver or silver-plated cop- 
per case (see Fig. 7). This type of 
housing has the pm chemical re- 
quirements to reduce corrosion to a 
minimum and ensures long shelf and 
operating life 

The end of the metal case is se- 


curely crimped around rubber end seals 
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Fig. 1 Maximum 
farad rating for 


Rated DOC Volts 


Anode 








Microfarods 


microfarads for non-polar capacitors. Curves show the micro- 
the four types of capacitors at various d-e voltage rating. 


++ +4444 


ttt 
-0— 
ett 


—P— 


c——— c. 


cothode 
4——--H—3-—3-—9—99999 


+p iii} jt 


Io 
Microforads 


Fig. 2 Maximum microfarads for polar capacitors. Note that for equal case 
sizes the microfarad ratings of polar units are twice those of non-polar units. 





Time 


Fig. 3. Typical d-c leakage current during electrification. (a) transient charg- 
ing current; (b) decremental leakage current; (c) steady state leakage current. 


123 





$+ 


t 


A LLLLL 


100,000 ,000,000 


Fig. 5. Curves for series resistance R,, vs frequency for various temperatures. 
In applying Tantalytic capacitors the value R, is divided by the rating in micro- 
farads to obtain the series resistance R. 


Fig. 6 Maximum current ratings for 85 C ambient temperature for indicated 
case size. ^ is the equivalent heating value of the capacitor and is equal to 


the V watts per sq in. X surface area at 85 centigrade. 


Fig. 7 Capacitor construction: (A) two foils separated by insulating spacer 
material; (B) two tantalm leads; (C) two rubber end seals and case; (D) as- 
sembled unit; and (E) unit with welded-on soldreable leads. 


I24 


through which the tantalum lead wires 
extend. The rubber end seal gives ex- 
cellent performance over the tempera- 
ture range of —55 C to +85 C for long 
periods of time and has the ability to 
withstand higher temperatures for short 
periods. 

The terminal connections are formed 
by a nickel wire welded to the tantalum 
wire. The weld is made 14 in. from 
the end of the capacitor and all solder- 
ing should be done on the nickel wire 
as tantalum is not readily solderable 


Size: The size of the Tantalytic capaci- 
tors, Fig. 8, is determined by the size 
of the active capacitor element plus 
the size of case and end seal. The ac 
tive capacitor roll requires approximate- 
ly 45 percent of the total volume and 
as the active capacitor element becomes 
smaller, the case and seal become the 
controlling factors in determining the 
overall size of the unit. This may limit 


reductions in component size 


OD x 57/64 in. long and smaller may 
be mounted by their leads where the 
supporting terminals are placed with- 
in 14 in. of the end seals. For larger 
sizes a clamp-type holder should be 
used to securely anchor the capacitor 
so that no appreciable strain is put on 
the heads 


Mounting: Tantalytic capacitors 9/32 


Fig. 4 Typical d-c leakage current 
valves for a one microfarad capacitor 
from which the leakage current for 
various capacitance and voltage rat- 
ings may be estimated. Curves may be 
used for polar and non-polar units. 
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The metallic case of the capacitor 
forms its principal heat radiator, so 
where thermal limits dictate the ap- 
plication, the case should not be ther- 
mally insulated. In polarized types, 
where the negative terminal is ground- 
ed, the capacitor case should be mount- 
ed on a metallic surface that will help 
cool In the case of non-polarized 
ratings, the capacitor should be electri- 
cally insulated and mechanically mount- 
ed so that full circulation of air is 
obtained over the surface of the case to 
reduce heating. 


Vibration and Shock: Tantalytic ca- 
pacitors have been tested under shock 
and high acceleration conditions and 
found to be a Tests on the 
9/32 OD x 57/64 in. case size, sus- 
pended by its leads, have shown that 
the unit can successfully pass the JAN- 
C-25 vibration test. However, until 
more data has been accumulated, shock 
and vibration tests should be made. 
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5 MUF-I50V NP 
| MUF-150V NP 
| MUF-150V P 
2 MUF-150vV P 
4 MUF- 60V P 
IO MUF- I5V P 
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2 MUF - I50V NP 
2.5 MUF-150V NP 
4 MUF-150V P 
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5 3 
232 X 8 
MUF- 150V NP 
MUF- 150V NP 
MUF- I50V P 


op e 


I2 MUF- 
36 MUF- 
50 MUF- 


) O 


NOMINAL DIMENSIONS 


Fig. 8 Ranges in sizes and ratings of 
tantalytic capacitors showing general 
proportions and terminal position. 
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Life Tests 


( apacitor life may be defined as the 
length of time a capacitor will give sat- 
isfactory service in a given application. 
The most exact way to make capacitor 
life tests is in actual applications for a 
long period of time, say 20 years, with 
the resulting service failure data used 
as a guide to optimum capacitor design. 
This method of life testing, however, 
is applicable only to capacitor applica- 
tions which have been standardized for 
many years. Requirements are changing 
so rapidly that no one group of capaci- 
tor applications have remained fixed 
for more than a few years. Therefore, 
the field service testing method be- 
comes impractical. 

The Tantalytic capacitors developed 
to date using optimum technique, have 
been life tested on a limited scale as 
large number of test samples have not 
been available. Life tests are planned 
for 65 C, 85 C, 110 C, and 125 C. 
The life characteristics of the capacitors 
are judged in the following way: 


Quality of tbe Ta,Os oxide insulating 
film: The stability of the oxide film is 
considered good when the capacitance 
decrease is less than 10 percent at the 
end of a 250 hour, 85 C + 5 C test 


Change in power factor at 120 cycles: 
The power factor gives a sensitive 
measure of the condition of electrolyte, 
rubber seals, oxide film, degree of im- 
pregnation, and general process used 
in making the Tantalytic capacitor 
Therefore, the change in power factor 
during life test is an important factor. 
For an 85 C, 250 hour life test, the 
comparison of initial power factor to 





| ELECTRICAL AND ELECTRONIC COMPONENTS 


final power factor should fall within 


a fixed limit. This is established as a 


maximum value of 15 percent power 
factor, when measured at 25 C and 
120 cycles, as a tentative limit of power 
factor variation for plain foil type Tan- 
talytic capacitors. 


Mechanical deformation and condition 
of seals: Visual inspection of Tan- 
talytic capacitor after life test will re- 
veal any sign of leakage of electrolyte 
or indication of internal gas pressure. 
A further destructive test check on the 
seals is to immerse heated capacitors 
into a cold solution containing a pene- 
trating dye. Such a thermal cycle will 
stimulate leakage of the dye solution 
through the rubber end seals and exam- 
ination of the interior of the capacitor 
after opening them will reveal any 

leakage through the seals. 


Applications 


Tantalytic capacitors are now being 
used, fig. 9, in circuits for carrier cur- 
rent telephone equipment, miniatur- 
ized radio receivers and transmitters, 
gun control servo mechanisms and 
transistor applications where the ca- 
pacitor matches the transistor in sturdi- 
ness and long operating life. Other im 
portant possibilities for Tantalytic ca- 
pacitor use are in blocking by-pass and 
hltering applications in the low fre- 
quency range. 

In commercial telephone equipment 
the small size and long life are the 
desirable features, while in military 
and ordnance equipment, small size, 
resistance to shock, low temperature 
characteristics and long shelf life are 
the most important qualities. 






Fig. 9 Miniaturized servo-amplifier using large capacity low voltage Tantalytic 


capacitors in place of paper capacitors. 
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The Precision Potentiometer 


As a Voltage Divider 


Constructional features and characteristics—including reso- 


lution, accuracy, and loading error—that make linear and 


non-linear types suitable for precision control applications. 


H. A. SCHMIDT 
Sales Engineer 
Helipot Corporation 
PRECISION POTENTIOMETERS be 
ing used to supply intelligence to the 
automatic 
and p 


are 


ontrol systems of machines 
rocesses in an 


of industrial 


increasing number 
and military lications 
In such applications they function as 
Yechanical whose 


electro-n transducers 


electrical output, at the brush terminal, 
is a function, either linear or non- 
linear, of translatory or rotational shaft 
motion 

Accuracy is insured by careful de 
gn, precision machining and the use 
of the most suitable materials for each 
purpose. Shafts are made of stainless 
steel and produced on centerless grind- 
ers. Shafts and pilot bushings are nor 


SI 


mally held to tolerances as close as 
i-0.0000 to —0.0005 in. Brass sleeve, 
powdered bronze, and ball bearings 
are frequently used to insure close tol- 
erances on shaft runout and eccen- 
tricity. 

The resistance elements are almost 
universally single-turn or multi-turn 
helical wire wound types, Fig 1. Sev- 
eral physical arrangements of the re- 
sistance elements are possible: In one 
design, the rectilinear potentiometer, 
the resistance element lies along a 
straight line in a flat plane, with 
the contact arranged to pass linearly 
along it by a translatory motion of the 
shaft. The more common configuration 


Table I—Characteristics of Precision Potentiometers 


3 10 
10 to 75K 25 to 300K 
3,000 to 18,000 


34 to 1 13/16 


850 to 5,000 
1% 


Product 


25 40 


200 to 1 MEG 
21,000 to 135,000 


100 to 750K 
8,000 to 75,000 
3 5/16 3 5/16 

374 


100 
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2—Potentiometer linearity. 
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End 


one-half the 


resolution. (B) Independent linearity is the maximum deviation from a straight line 
drawn through a voltage vs rotation plot. (C) Zero base linearity is the maximum devia- 


involves a circular resistance element 
having one or more turns with a cen- 
trally located rotatable shaft that car- 
ries the contact making arm 


Potentiometer Resolution 

Since a wire-wound resistance ele- 
ment is essentially composed of a num- 
ber of turns of wire wrapped around 
a coil form, any contact that traverses 
this element will produce finite steps 
of voltage or resistance as it moves 
from one turn to the other along the 
coil. The number of finite steps pro- 
duced, known as the resolution of the 
pot, is usually expressed in percentage 

. ie. resolution equals 1/N x 100, 
with N being the total number of turns 
of wire. 

The resolution of the pot indicates, 
at least theoretically, the accuracy to 
which any shaft setting or voltage can 
be made. It is important to consider 
this fact in selecting a potentiometer 
to be employed in a particular system 
Any special accuracy on the part of 
other components that might be coup- 
led to the pot would be lost if the pot 
resolution did not offer equal or great- 
er angular accuracy. 

Good resolution can be accomplished 
either by using resistance wire of small 
diameter and reducing the winding 
pitch on a given length of mandrel, 
or by utilizing a longer mandrel that 
can be coiled into a helical shape to 
conserve panel space. One advantage 
of the multi-turn potentiometer over 
the single turn type is the greater 
length of resistance wire, with result- 
ing better resolution, that can be ac- 
commodated within any given diam- 
eter. Table T. In this instance, the man- 
drel is usually arranged like a spiral 


tion from a straight line that passes through zero voltage on a voltage vs zero rotation plot. 





spring inside an 


Fig 1(B). 


insulated housing, 


Linearity Accuracy 

‘Linearity’ in a potentiometer 
means a straight line relationship be- 
tween the voltage measured at the 
sliding contact and the rotation of the 
shaft. The amount that the output of 
an actual pot deviates from this straight 
line in either a positive or negative 


direction, is the measure of linearity 
accuracy. 
The absolute theoretical accuracy 


that is possible from any wire- wound 
resistance element is limited by its 
resolution, with the actual limit being 
one half the resolution, Fig 2(A). If 
a perfect linear relationship between 
the voltage at the moving contact and 
the travel of the contact (or shaft ro- 
tation) were represented by the dot- 
ted line, the steps formed by each turn 
of wire would be positive and negative 
excursions equal to one-half the reso- 
lution. In actual practice, manufac 
turing tolerances, materials and assem- 
bly procedures prevent the linearity 
accuracy from approaching this value 
As a general “rule of thumb,” actual 
linearity values are more nearly 3 times 
the resolution. 

At present there are two definitions 
of linearity and linearity accuracy in 
common usage: independent linearity, 
which applies strictly to precision po- 
tentiometer usage, and zero based lin- 
earitv, which is more correctly associ- 
ated with rheostat, or variable resistor 
usage. The difference between poten 
tiometer and rheostat interpretations 
is concerned with the orientation of 
the theoretical line of zero error, from 
which any deviation of the output from 
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the pot is measured. In the precision 
potentiometer definition, this theoreti- 
cal line of zero error can be moved in 
space until it most nearly approximates 
the actual output curve of the pot un- 
der test. This is defined as follows: 


“Independent linearity tolerance 
shall be the maximum allowable 
deviation from the best straight 
line which can be drawn through 
a plot of the actual points of volt 
age on a voltage versus rotation 
curve. The tolerance shall be ex- 
pressed in percent of maximum 
voltage output.’ 


In Fig 2(B) the straight line rep- 
resenting theoretical zero error has 
been oriented to best fit the actual out 
put curve of the potentiometer, and 
does not necessarily pass through zero 
voltage at zero rotation, or maximum 
voltage at full rotation. “Zero based 
linearity, on the other hand, specifical 
ly requires that the best straight line 
which can be drawn through a plot of 
voltage rotation also pass 
through zero voltage at zero shaft dis 
placement. See Fig 2(C) 


versus 


Loading Error 

An error is sometimes unknowingly 
ntroduced into a potentiometer ap 
plication by the method in which it is 
employed in its circuit. With a 
stant potential impressed 
coil of a linear pot, the voltage output 
from the slider may not vary linearly 
with respect to its position along the 
coil if current is drawn through the 
slider. This is commonly referred 

s "loading error." 

Loading 
sition. The 


con 
across the 


error varies with slider po- 
error is zero at both ends 
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Fig. 3—How ratio of load resistance to potentiome- 
ter resistance affects loading error. 
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Fig. 4—Typical cireuit for testing potentiometer 


Fig. 5—Oscilloscope patterns of loading noise (A) ; 
shorting noise (B); and resolution noise (C). 
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Fig. 6—Resistance elements for functional poten- 


Re (100 9) 
Percent Error 104] Re (100 — 6 
Where R potentiometer resistancc 
(1n ohms) 
L — load resis 


t position in percent 


Electrical Noise 


[here are six well-defined types of 
> present in Wir wound potentiom 
rs, and the relative importance of 


h varies with the application and/or 


uit in which the potentiometer is 
mployed. These may be summarized 
follows 
Loading nois rom the load 
current flowing through fluctuat 
ing contact resistance 
Shorting noise—W inding current 
flowing through fluctuating con- 
tact resistan 
Resolution no (winding cur 
rent) Steps in voltage or re 


tiometers: shaped card mandrel (A); and enam- 
eled copper wire mandrel (B). 





by the 
) the resistance element 
i. Resolution noise (loading cur- 
rent)—Steps in voltage or re- 
sistance caused by the turns in 
the resistance element 
5. Generated Tribo e.m.f 
due to the use of dissimilar met 
als. 
High velocity noise 


sistance Cause d 


turns in 


noise 


Brush leas 
ing winding above critical v« 
locity. 

The first two types of noise are morc 
or less directly the result of fluctuating 
contact resistance by foreign 
material coming between the sliding 


caused 


contact and the resistance element. The 
third and fourth types, Resolution 
noise, are a minor source of wire 


wound potentiometer noise, the mag 
nitude being proportional to the re 
sistance per turn of the resistance wire 
and to the load current 

Generated noise is the result of two 
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dissimilar metals being rubbed together 
as in the case of the contact and the 
resistance element. A potential differ- 
ence of constant polarity is developed 
between them known as the Tribo 
emf or Tribo effect. The magnitude of 
the Tribo emf encountered in precision 
wire-wound pots is usually quite small 

on the order of tens of hundreds of 
microvolts—and depends on the rela- 
tive velocity between the two metals. 

Little can be done to eliminate the 
noise caused by dissimilar metals, high 
rotational velocity, or potentiometer 
resolution. Two steps are taken, how- 
ever, to reduce the noise caused by re- 
sistance fluctuations between the con- 
tact and the resistance element due to 
formation of oxide films on the wire: 
(1) selection of resistance wire alloys 
that are least susceptible to corrosion 
or oxidation—preferably those with a 
high nickel content for example and 
(2) application of a light coating of 
an oxide inhibitor or lubricant to the 
wire curing manufacture. 

In a typical circuit for testing for 
noise, Fig 4, the signal is first 
amplified by a low-noise, medium 
gain, wide band amplifier. The ampli- 
fier is followed by a variable electronic 
filter (for example the SKL Model 
302) and then a high gain oscillo- 
scope. A variable speed motor is used 
to drive the potentiometer under test 
to obtain data on noise versus brush 
speed, as well as to provide a fairly 
constant resolution noise frequency. 

Several types of horizontal oscillo- 
scope sweeps may be used: either a 
sinusoidal sweep or the oscilloscope’s 
internal linear sweep will enable the 
observer to distinguish between load- 
ing noise and resolution noise. Or the 
horizontal sweep may be driven ex- 
ternally with a voltage obtained from 
the brush of a second potentiometer, 
ganged to the pot under test; this will 
give a plot of noise versus brush po- 
sition, but loading noise and resolution 
noise will usually be indistinguishable 

The type of pattern obtained when 
viewing loading noise with an oscillo- 
scope is shown in Fig 5(A). The 
rapid fluctuations constitute the load- 
ing noise, while the slower, sawtooth 
variation is resolution noise. For the 
measurement of shorting noise, the 
same equipment is used but instead of 
the pot being connected as a rheostat, 
it is connected as a voltage divider 

Shorting nois 
scope 


noise 


, as seen on an oscillo- 
is shown at (B). The shorting 
itself is always found riding on 
or near the crest of the resolution saw- 
tooth. Regardless of the true relation 
between generated noise and brush 
the generated noise figure will 
require two measurements: the d-i 


noise 


V( lox ity, 
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component can be measured with a 
sensitive galvanometer in an appropri- 
ate circuit, and the a-c component is 
observed with a low noise, high gain 
preamplifier and oscilloscope. When- 
ever the loading noise or the shorting 
noise is observed, a resolution noise 
signal is necessarily included in the 
observation. However, if a recurrent 
sweep of sufficiently high frequency is 
used in the oscilloscope, the resolution 
noise signal is easily distinguished, and 
fairly accurate measurements of the 
other noise signals are possible. A 
typical oscilloscope pattern for reso- 
lution noise appears at (C). 


Operational Life 


The operational life of a precision 
potentiometer is affected not only by 
the quality of its components and as- 
sembly techniques, but by rotational 
speed, temperature, corrosive atmo- 
sphere and dust. A potentiometer 
manufacturer will seldom apply an 
iron clad guarantee of minimum op- 
erational life to a potentiometer un- 
less all operating conditions can be 
accurately determined. 

However, since the life of a poten- 
tiometer is expressed in cycles rather 
than revolutions, some designs have in- 
herently better life characteristics due 
to the lengths of resistance elements 
over which the brush contact must 
move to complete one cycle, or the 
number of revolutions the shaft and 
slip ring must make per cycle. Ob- 
viously, the single-turn potentiometer 
can be expected to have better life 
characteristics than the helical poten- 
tiometer because it requires only one 
revolution to complete a cycle; a life 
of several million cycles is not un- 
unusual. On the other hand, 500,000 
to 1,000,000 cycles of operation is all 
that can logically be expected of a heli- 
cal potentiometer under average con- 
ditions 


Other Constructions 


Non-Linear (Functional)  Potentio- 
meters—It is sometimes convenient to 
use the potentiometer to alter or manip- 
ulate information. This requires a non- 
linear or functional potentiometer. 
Non-linear functions can be ob- 
tained in two basic ways: (1) with a 
standard linear potentiometer whose 
coil has been resistance loaded, volt- 
padded, or otherwise adjusted to 
approximate the desired function, or 
(2) with a non-linear winding which 
incorporat es space winding, changing 
of resistance wire and internal pad- 
ding to give the exact function re- 
quired. 
In general the same characteristics 
nherent in the precision non-linear 
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pot as previously described in the dis 
cussion on precision linear. potentiom- 
eters . . . 1e. resolution, loading er 
ror, noise, etc. The deviation of the 
output voltage from the desired func- 
tion, however, is described as "con- 
formity" rather than "linearity," but 
the definition of independent conform 
ity and zero based conformity have the 
same meaning as their linearity coun- 
terparts. 

In these functional potentiometers 
the nature of the function relating the 
output voltage to the shaft position de- 
pends on the resistance element or 
winding of the potentiometer. The re 
sistance element is a resistance wire 
wound on an insulating base or man- 
drel which is usually one of three types 
(1) shaped card mandrel, Fig 6(A), 
where the wire is wound on a flat pre- 
shaped card which is then coiled into 
a round shape and inserted into a case, 
(2) toroidal mandrel, in which th« 
resistance wire is wound on a closed 
ring cut from tubular plastic stock, 
or (3) enameled copper wire mandrel 
on which the resistance wire is wound 
before the mandrel is coiled, Fig 6(B) 

Each type of mandrel has certain 
inherent advantages that make it de 
sirable for particular applications. If 
the maximum possible total resistance 
is desired from a given function and 
the power rating is of secondary im 
portance, the card or toroid mandrel 
should be used. If winding accuracy 
(conformity) is more important, the 
space wound enameled wire mandrel 
is superior, allowing conformities as 
high as 0.25 to 0.50 percent instead 
of 0.50 to 1.0 percent as normally ob 
tained from the card or toroid type 
of mandrel. Because of difficulty in a 
curately shaping a card or a toroid 
spaced (variable pitch) winding is su 
perior in a potentiometer requiring a 
low slope ratio function 

Two methods (spaced winding and 
shaped card) can be combined to ob 
tain a moderate increase in slope ratio; 
however, resistance padding or chang- 
ing resistance wire permit much higher 
slope ratios when used in combination 
with space wound coils. Superior func 
tion conformity as well as other ad 
vantages can be obtained through the 
resistance padding method, keeping 
the resistance wire the same in the re 
sistance element as well as the 
ding resistor. The use of one 
ance alloy assists in maintaining the 
same uniform temperature throughout 
the pot, minimizes likelihood of elec 
trolitic corrosion from 


sad 
pad 


resist 


dissimilar met 
als, and when wound on a copper wire 
mandrel, permits much greater heat 
dissipation and consequent increase in 
the power rating 
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Developments to Watch 


CRYOGENICS AND ELECTRON- 
ICS . . . Operation of electrical and 
electronic equipment at temperatures 
near absolute zero have long interested 
researchers. Using low temperature ap- 
paratus known as a Liquid Helium 
Cryostat, these scientists have advanced 
low temperature technology to the 
point where excellent opportunities 
now exist for its practical application. 

According to Arthur D. Little, Inc. 
the general effect of.low temperature 
is the production of ordered states of 
matter. If, at ordinary temperatures, 
something occurs with an energy 
smaller than several hundredths of an 
electron volt, it is swamped by the ran- 
dom agitation of the world about it, 
caused by thermal motion. Thus, at 
normal temperatures a lower limit is 
set on the energy range of phenomena 
which may be reached. With isolation 
from the energy of the outside thermal 
motion, the entire range of low-energy 
phenomena may be reached. 

Outstanding among the phenomena 
unique to very low temperatures is 
superconductivity of metals. 

In the case of both pure metals and 
alloys, including some which are poor 
conductors at ordinary temperatures, 
their resistance vanishes completely at 
some critical temperature above abso- 
lute zero. The electrical resistance of 
practically all metals has been investi- 
gated down to about 1 K or lower, and 
in all, about twenty metals so far have 
been found to be superconductive. For 
the most part these lie in a well-de- 
fined region in the periodic table and 
include mercury, tin, lead, aluminum 
and zinc. 

The intermetallic compounds of 
bismuth and nickel and of gold and 
bismuth become perfect electrical con- 
ductors although the components them- 
selves are not superconductors. This is 
also true of the semimetallic com- 
pounds, cupric sulfide, the molybdenum 
carbides, and the tungsten carbides. In 
many cases an alloy becomes supercon- 
ductive at a temperature lower than 
the transition temperature of either of 
the individual metals. The highest tem- 
perature at which superconductivity has 
been found is 15 K with columbium 
nitride 

Another subject of potential interest 
to electronics workers is the tempera- 
ture dependence of electrical noise. The 
ordinary noise found in metallic re- 
sistors, referred to as Johnson or 
thermal noise, is known to decrease in 
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direct proportion to the temperature 
and to increase with the value of the 
resistance used. Thus, when thermal 
noise in a resistor is of great import- 
ance, a considerable increase in the 
signal-to-noise ratio can be expected by 
making it of metal and lowering the 
temperature. 


Photoconductors, substances which 
react to light by changing their elec- 
trical conductivity, are limited in sen- 
sitivity by thermal noise which may be 
removed with a vengeance with liquid 
helium. 

The field of semi-conductors may 
also benefit from  low-temperature 
measurements of processes. Admixtures 
of alloying materials markedly affect 
the conductivity of germanium, and the 
effect is different at very low tempera- 
tures than at room temperatures. Re- 
search along these lines is being car- 
ried out by Bell Laboratories. It is felt 
that additional data obtained in ex- 
treme cold should help explain german- 
ium's conductive mechanisms and thus 
improve semi-conducting devices such 
as germanium diodes and transitors. 
Perhaps a material as yet undiscovered, 
may show semi-conducting properties at 
liquid helium temperature and be use- 
ful as a low noise transistor. 

Insulators become so nearly perfect 
at these low temperatures that they may 
hold a charge for unusually long per- 
iods. This may be useful, for example, 
in a storage tube for computers. 


The magnetic properties of matter 
are greatly changed, or at least ex- 
aggerated, at low temperatures. The 
fact that nuclear and paramagnetic 
resonance at radio and microwave fre- 
quencies becomes sharp and strong 
should be useful in filters and timing 
circuits. The rare earth salts which ex- 
hibit low loss ferromagnetics, unusual- 
ly high permeabilities, and other such 
properties await application in devices 
such as magnetic amplifiers. 


SEMI-CONDUCTORS . In the 
field of semi-conductors, germanium 
still remains the most important ma- 
terial. While there has been much dis- 
cussion of silicon as being a material 
that would replace germanium and 
provide vastly improved devices, evalu- 
ation does not yet confirm such state- 
ments. While silicon will operate at 
much higher temperatures and reduce 
the current in the back direction, it has 
proven much more difficult to produce 
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than germanium in sufficiently pure 
form. Furthermore, its higher resistance 
in the forward direction and its greater 
sensitivity to temperature changes limit 
its usefulness in some devices. At the 
present time, it would appear that 
silicon will supplement germanium 
only for those applications where its 
specific characteristics find greatest use. 

Perhaps more important in the more 
distant future will be compound semi- 
conductors utilizing two or more ele- 
ments which may well permit tailoring 
of the material to obtain all of the 
characteristics most desirable for any 
specific application. Work done to date 
on these materials looks very promising 
but because of the magnitude of the 
job may well require considerable time 
to bear fruit. 

The germanium devices currently be- 
ing worked on show steadily improving 
characteristics. It has been found that 
transistors produced by the diffusion 
and rate growing techniques developed 
by General Electric have usable tem- 
perature limitations considerably above 
those made by other methods. Transis- 
tors have been made which will operate 
in boiling water, a far cry from their 
status as late as a year ago. Frequency 
limits are steadily being pushed up both 
by improvements of the characteristics 
of the germanium, as dictated by a 
better understanding of causes of fre- 
quency limitation, and by the introduc- 
tion of new devices such as the tetrode 
or base contact transistor so much in 
the news of late. 

The cooling problem for high 
powered devices appears to have been 
solved by the use of vapor cooling 
techniques in which the device is 
emerged in a liquid which will boil 
slightly above room temperature and 
thus transfer the heat to a radiator. 
Even though the losses and thus the 
total heat produced is small in these 
devices, the small size of the device 
itself presents a problem of heat flow 
comparable to that met in jet engines. 
Specially designed power transistors 
have been operated with power outputs 
as high as 40 watts. 

For many specialized electronic 
functions such as switching, gain con- 
trol, and computing circuits, recently 
developed multi-element devices appear 
to have advantages over the more con- 
ventional three element junction tran- 
sistors. These units are the first results 
of pioneer efforts to apply the unusual 
electronic properties of semiconductors. 
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FERRITES The ferrites com- 
prise a group of non-metallic magnetic 
materials that, because of their very 
high resistivity, largely eliminate the 
problem of losses due to eddy currents 
encountered in iron alloys. While 
showing tremendous promise, this field 
is largely undeveloped because of the 
lack of basic knowledge of the mecha- 
nisms involved. This basic knowledge 
is being obtained at an accelerated rate 
and it is felt that considerable expan- 
sion of this field will occur in the near 
future. 

At the present the ferrites have 
found important applications in re- 
placing metallic magnetic materials in 
television circuits; as magnetic ampli- 
fiers to replace vacuum tubes by more 
rugged and reliable devices; as micro- 
wave attenuators and switches; and as 
delay lines, filters, electro-acoustic 
transducers, and magnetic computer 
components. These are but a scratching 
of the surface of possible uses. 


PRINTED CIRCUITS .. . Since its 
origin as a practical production tool in 
the proximity fuse, printed circuitry 
has proven its value in both commercial 
and military applications. Some of the 
many commercial uses have been in 
hearing aids, table model radios, and 
television sets. Of course, the military 
aspects have been carefully investigated 
and many applications of printed cir- 
cuitry are ‘currently in production. 

Of the almost infinite number of 
combinations of printing techniques 
and materials that have been investi- 
gated, those receiving most attention 
for production are the fired-on con- 
ductive and resistive materials on a 
ceramic base, and the stamped and 
etched foil wiring on a plastic base. 
Hearing aids are the most widely 
known application of the former, and 
here not only is the wiring printed but 
the resistors are printed as well. A 
great deal of interest has been shown 
in the foil- plastic types of printed 
circuitry used in conjunction with 
standard components. This is a con- 
sequence of the difficulties encountered 
in printing large numbers of compon- 
ents on one assembly and maintaining 
required tolerances. Radio and tele- 
vision as well as many military applica- 
tions are using this combination. 

The aim of much activity in this 
field has been the development of 
greater mechanization in production. 
The present plan is to attain this goal 
in steps. The first step was the printed 
wiring. This was followed by dip 
soldering connections. The next prob- 
lem under investigation is the mechan- 
ical placement of components which 
will be superseded by the formation 
of components in place More will 


have to be learned about the control 
of characteristics of printed compon- 
ents before this last operation becomes 
a possibility. 


TELEVISION VIDEO RECORD- 
ING ON MAGNETIC TAPE . 
Within the next few years we can ex- 
pect to see the development of magnetic 
tape recording reach the point where it 
will be used commercially for television 
video recording. 

Magnetic tape recording has four 
major advantages over film recording. 
First, the television video signal can be 
taken directly from the network and 
recorded as an electrical signal, thus 
avoiding the necessity of converting 
the n to an optical picture before 
recording. Second, the magnetic re- 
cording requires no processing; it can 
be played back right after the recording 
is completed. Third, instantaneous 
monitoring of the recording i in process 
is possible. Last but by no means least, 
tape recording provides an economic 
saving since the tape can be erased and 
reused many times. Future development 
is directed toward reducing the amount 
of tape required by compressing infor- 
mation. 


MAGNETIC AMPLIFIERS... In 
addition to inroads being made in 
industrial control circuits, magnetic 
amplifiers are moving in on aircraft 
electronic equipment (Aviation Week, 
March, 1953). 

For example, both General Electric 
and Westinghouse are producing mag- 
netic amplifier voltage regulators for 
aircraft alternators (a-c generators). 
The Westinghouse regulator uses mag- 
amplifiers throughout; the GE unit 
uses a cold-cathode tube for voltage 
reference purposes. 

Here's what makes magnetic ampli- 
fiers so attractive to avionics designers: 
* Extremely reliable. Mag amplifiers, 
with their transformer-like construc- 
tion, are potentially rugged and long- 
lived. 

* No filament or B+ power. Mag 
amplifiers operate directly from a-c and 
ee no B-t or filament supply. 

Lower power consumption. Unlike 
vacuum tubes, magnetic amplifiers con- 
sume very little power. This cuts air- 
plane power generating capacity and 
engine fuel consumption. 

- Eases cooling problem. Because mag- 
netic amplifiers consume less power 
there’s less heat to dissipate. 

. No warm-up time. When vacuum 
ula are used, equipment must usually 
be left in standby condition (filament 
power on) throughout the mission 
Only in this way can the equipment be 
ready for instant operation when need- 
ed. Mag amplifiers need no warm-up 
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period, thereby cutting power consump- 
tion and extending equipment life. 

* Wide power range. Mag amplifiers 
can be used to control a wide range of 
power, from 1^ watt up. 

There are, however, several disad- 

vantages associated with mag ampli- 
fiers. These are: 
* Slightly heavier. When operated from 
a 400-cycle a-c supply, mag amplifiers 
usually run somewhat larger and 
heavier than vacuum tube amplifiers 
of the same capacity. At higher a-c sup- 
ply frequencies, this weight disadvan- 
tage disappears. 

Slower response. Magnetic amplifiers 
have slower response time than their 
vacuum-tube counterparts. But mini- 
mum possible response time (one- -half 
cycle of a-c supply frequency) can be 
pe" ed by using higher frequency. 

Rectifier limitations. Mag amplifier 
circuits require many rectifiers. Selen- 
ium rectifiers are comparatively bulky; 
the smaller germanium rectifiers are 
unable to operate at the higher tem- 
peratures encountered in  avionics 
equipment. 

The number of technical papers de- 
livered at IRE and AIEE conventions 
during the past year point to increasing 
industry interest in this field. 

Most mag amplifier ap pee at 
present are in the field of servomech- 
anisms and control. However, mag- 
netics are also finding use as radar 
pulse generators and as flip-flop circuits 
in digital computers 


FIBER DUCTS FOR WIRING 
PANELS... Use of vulcanized fiber 
wiring ducts for control panels of ma- 
chine tools and process equipment is a 
new approach to the problem of har- 
ness wiring. Snyder Tool and Engineer- 
ing Company has developed a system in 
which U-shaped channels are fastened 
to the base of the panel above or along 
side a row of components 

The open face of a channel is up 
and the sides are perforated with holes 
about 54 in. in dia. Wires are laid in 
the channel and the ends pulled 
through the holes to connect the vari- 
ous devices. Junctions between hori- 
zontal and vertical runs are made by 
slotting the side of one channel and 
fitting the open end of the other to it 
When the wiring is complete, covers 
are fastened over the open face. 

In wiring a panel by this method, a 
minimum of planning is necessary 
Once the devices are mounted, connec- 
tions between them may be read di- 
rectly from the schematic drawing 


The review of developments in semi-con- 
ductors, ferrites, printed circuits, and video 
recording was based on an informal discussion 
by L J. Kaar, Chief Engineer, Electronics Di- 
vision, General Electric Company with McGraw- 
Hill editors. 
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THESE CONNECTORS ARE ACTUAL SIZE 


Series SM-20.....Sub-Miniature Rectangular Connectors 

Serles 20 .Miniature Rectangular Connectors 

Series H-20 ........Hermetical Seal Miniature Rectangular 

Connectors 

Series C-20................... Miniature Hexagonal Connectors 
(Vibration Proof) 

Series EZ-16. „Easy Release Power Connectors 
(Spring Loaded contacts) 

O ODO Cae Rectangular Power Connectors 

Series 14.. nns ]A.Àó]ctangular Power Connectors 

Series PC............... Printed Circuit Connectors 

Miniature Precision Stand-offs 

SPECIAL DESIGNS — submit your connector problems to 

our engineering department. 


ELECTRONIC SALES DIVISION DeJUR-AMSCO CORPORATION 


oun SEEN IE IO 5 gm o m 


Write Dept. HC, DeJUR-AMSCO Corporation 
45-01 Northern Bivd., Long Island City 1, N. Y. 
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l. when first cost 


is important... 


You can hold down 
costs with this “all- 
purpose’’relay.Meets 
Automatic Electric’s 
high quality stand- 
ards— gives long, de- 
pendable service. For 
dc operation only. 


2. for outstanding endurance, 
dependability . . . 


When extremes in 
long service life and 
reliable operation are 
demanded, this relay 
meets requirements. 
Life often exceeds 
400 million opera- 
tions! For ac or dc 
operation. 


3. when size limits 
relay selection . 


This compact relay 
combines unusual 
dependability and 
surprisingly long 
service-life in a space 
about half the size of 
the average relay of 
equal rating. For dc 
operation only. 


4. for alternating 


current only... 


Here’s a relay for use 
where ac is the only 
power source— where 
operate or release 
time delays are not 
a factor— where low 
power consumption 
is a must. For ac op- 
eration only. 
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5. for exacting miniature 
applications... 





For aircraft use where 
resistance to shock 
and vibration must 
be met by a small, 
light relay. Rugged, 
reliable. For dc 
operation only. Class "S" 
Class "A" Relay 
Relay 


— i 





6. for maximum timing 
with reduced size... 


You can order this 
miniature relay with 
specific time-delays, 
plus many other spe- 
cial features. For ac 
or dc operation. 
Time-delay is for dc 
operation only. Class "Z" 
Relay 

Class "B" 

— stepping switch features 
For complicated space and 
weight problems, specify 
Type 44. By proper wiper 


“+ arrangement, this sturdy 


switch can provide 10-, 
|  20-, or 30-point operation. 
For up to 110 V. dc, or 
built-in rectifier for 115 
V.-60 cycles. 





Use Type 45 for greater 
capacity plus dependable 
Class "C" performance. Available 

Relay with 2 to 10 (or more) 
25-point bank levels. Can 
be used with wipers ar- 
ranged independently for 
25-point operation; or in 
j staggered pairs for 50- 
point operation. For up to 
110 V. dc, or for 115 V. ac. 















send for: 


Relay Circular 1702. 





Stepping Switch Circular 1698. 


7. tocombine relay and step- 
ping switch functions . . . 


Here's a shock-resist- 
ant, cam-type relay 
for cam-switching, 
alternate on-off oper- 
ations. Use as a 
"stepper." You spec- 
ify programming. 
For dc, or 115 V.-60 
cycles ac rectifier 
operation. 


8. special features 


available... 


For applications 
where atmospheric 
conditions will affect 
relay performance, 
all Automatic Elec- 
tric relays are avail- 
able in hermetically- 
sealed enclosures. 
Special plug-mount- 
ings may also be spec- 
ified for Class A, B, 
F, S and Z Relays. 





Series 
"OCS" 
Relay 





Class "S" 
Relay 


Automatic Electric's high stand- 
ards of quality, workmanship and 
engineering offer you the finest re- 
lays and stepping switches money 
can buy, in a complete selection 
to fit your needs. Write today for 


complete 


information. 


Automatic 


Electric Sales Corporation, 1033 
West Van Buren Street, Chicago 7, 


Illinois. 
RELAYS SWITCHES 
CSA 
“Relay CHICAGO 
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SILVER GRAPHALLOY 


nx 


Silver GRAPHALLOY Brushes have been widely used because BRUSH HOLDER AND CAP 


of Low and CONSTANT CONTACT DROP, EXTREMELY LOW 





























ELECTRICAL NOISE and LONG LIFE... especially for rotating INSULATED CAP BRUSH HOLDER 
strain gages, thermocouple circuits, synchros, guided mis- we aD NM 


i E 3l ans 
siles, fire control equipment, transducers, radar and sonar «er 





equipment, servo-mechanisms, selsyns and dynamotors.° WI a 3 
The cRAPHALLOY process was patented 40 years ago and S A E 

the name GRAPHALLOY has been our copyrighted trademark PS BH— 

since that time. While this company has been selling 

GRAPHALLOY for the past 40 vears recent developments have : 

added materially to its properties. Over 30 grades are now E e ó E i È 

used in a wide variety of applications. Silver GRAPHALLOY - s $e 2 a Ša s = 

Brushes on 4”-diameter coin silver slip rings have been used $2 © = = 53 ?. 3 z Ss Pe 2 

successfully in highly critical electrical circuits at speeds up =§ - 39 ir t Š 3 s 3 * È S 

to 100,000 R.P.M. Our Engineering Department will assist $T 5 SF t3 d $ ^ ef ag * 

in determining the exact grade of GRAPHALLOY for your needs. : es i "e » m - - LE 
14326 Ve 54. Y. "a : Iy -430 "s E .425 - 2 A 
ten » sq. A vis E = hs = 2 

BRUSH AND SPRING ASSEMBLY nm fm wo Mo Mom NE. 
— e Mine i de du » j fidens Other sizes available. 
Silver aparator Brushes age available for the standard Brash Holdens “Mounting ble So rh Holder dimansion D. 


to give the correct brush pressure for each brush application. Shunts are 
provided where necessary to insure extremely low electrical noise level and 
for carrying heavy currents 












COIN SILVER SLIP RINGS 


Standard Coin Silver Slip Rings, both cylindrical and flat types, are illus- 


trated below. We recommend the cylindrical type ring with three brushes INSULATING 
per ring spaced at 120 The cylindrical type are designed for press SLEEVE 
fitting over standard steel shafting. The flat type rings are designed for nest- 

ing either on an insulated plate or for molding into insulation. Insulated 

slip rings of either type or slip ring assemblies can be furnished with 


leads attached 


DIAGRAM of 
BRUSH and 
SLIP RING 
ASSEMBLY 


LLLI UAR 


cylindrical 





Port No. oD ID Thickness Part No. oD iD Width 













168-20 1% 94 ib 1164** 14 123 À 

ee mo ad Po uk à gyae i CONNECTORS 

168-44 2% 2% iù 116-8** ly 373 A 

168-56 S2 03 ib 116-10%* 54 498 4 (GARTER SPRINGS) 

168-68 4*4 3% ib 116-12** Va .623 A 

168-80 5 4% is 116-14** Te 148 14 

168-92 5% 5% iù 116-16** 1 d 873 34 — s 

168-104 6% 6 is 116-18** 1% 1 .998 3 Garter Spring Brush Brush 

68-116 7 6% 5 58-19 ib i 996 1 " er Spring Brus rus 

168-125 "ta Tie A o T P 1 Lc iA These silver plated coil spring uS Size Holder No 

168-140 834 8% ü 1168-27 1 1 1.500/1.496 14 Connectors make for positive e 

168-152 914 y A 1168-35 24 2.000/1.996 4 electrical connection to the brass 

168-164 10% 9% ib 1168-43 244 2.500/2.496 14 body of the brush holder by 117.9 Y s9- 14326 

168-176 11 10% A 1168-52 314 3.000/2.996 £ snapping into the groove on the 127-9 552 54. 11509 

168-188 11% 114 1 5S a 15 12498 A holder. The connecting lead can 127-10 Vig 34- 11570 
134 i 4 1168-60 334  3.500/3.496 A compendii ue he C 137-M v 11897 

168-200 12% 12 Y 1168-68 i% 4.000/3.996 4 ,e pre-soldered to the Connector. a s4. 

168-212 13% 12% Va 1168-76 1% 4.500/4.496 4 

168-224 14 13% Ms 1165-84 14 5.000/4.996 ñ 

168-236 14% 14% Y 1168-92 934 5.500/5.496 45 

168-248 15% 15 ! 1168-102 634  6.000/5.996 ñ ^ DESIGN UIT 

168-260 16% 15% i 1168-118 734  7.000/6.996 A, 

168-272. — 17 16% A MIN AN HART CALL ON OUR 40 YEARS oF 

168-284 17% 17% 1% 1168-150 9 9.000/8.996 ñ 

168-296 18% 18 5 1168-166 iex 10.000 /9.996 n FOR HELP I. SOLVING YOUR BRUSH PROBLEMS! 

168-308 19% 18% i 


168-320 





**Coin silver 





025 thick inlaid over brass 
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...and SILVER GRAPHALLOY | 


Coin Silver 
Slip Rings 


FLAT SLIP RING 


ASSEMBLY 





On rotating equipment, the measure- 
ment of changes in resistivity or emf 
must be brought out by means of slip 
rings and brushes. To obtain intelli- 
gible information under these condi- 
tions, the extraneous circuit noise level 
must be kept below the signal level. 
Since Silver GRAPHALLOY Brushes, in 
combination with Coin Silver Slip 
Rings, reduce the extraneous noise 
level to extremely low values, they have 


Three Brushes on 
Ring 120° Apart 


Bearing Assembly 
FLEXIBLE COUPLING 


brush assemblies 


CYLINDRICAL SLIP RING and 
BRUSH HOLDER ASSEMBLY 


Graphalloy Brush 


CYLINDRICAL SLIP 
RING ASSEMBLY 


Li 
= 
* 
id 
LI 
^ 
> 
* 
[2 
E 
E 





One standard grouping has 10 slip rings although any number of 
3 slip rings may be assembled. 3 brushes per slip ring are used. 


Coin Silver Slip Rings molded 
in plastic ring support 


SECTION Y-Y TR SECTION -Z-Z 





been used extensively in rotating strain 
gage and thermocouple applications. 
Noise levels as low as 20-50 microhms 
in a 100-ohm circuit have been obtained 
with Silver GRAPHALLOY Brushes. (We 
will develop and manufacture your 
complete assembly!) Commutators and 
choppers for the production of square 
wave signals or for pulse systems can 
be manufactured to meet your circuit 
requirements. 





GRAPHALLOY CONTACTS 


GRAPHALLOY, because of its inherent non-welding 
and arc-quenching characteristics, is used widely 
for contacts especially where positive break- 
ing of a circuit is required 









GRAPHALLOY BUSHINGS 


With military requirements demanding operation 
from —80* to --200* F., GRAPHALLOY Bushings, 
which are inherently oilless, have been used suc- 
cessfully in potentiometers, synchros, cameras, 
and missiles. Properly designed GRAPHALLOY 
Bushinzs will take considerable shock (50 g.) 
They have replaced oil-lubricated bushings for 
the following reasons 


1 
a 
No oil to carbonize at prolonged 
elevated 'temperatures. 


3 


GRAPHITE METALLIZING CORPORATION 
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) Lower friction at room temperatures. 
) No oil to solidify at low temperatures. 
) 


for your “TOUGH” 
electrical 
requirements 































GRAPHALLOY 
BRUSHES 


are used on 





equipment as... 


SERVO SYSTEMS 
SYNCHROS 

SELSYNS 

CHOPPERS 

RADAR 

GYROS 

INVERTERS 

PULSE SYSTEMS 
GUIDED MISSILES 
DIGITAL COMPUTERS 
WAVE GUIDES 
SONAR 
TRANSDUCERS 
TORQUE INDICATORS 


“We Specialize in 
Special Designs” 










Our Engineering Department 


will develop or 


















s vo | ce t »nD 
assist you in dev ping 





special components 


1018 NEPPERHAN AVE. 
YONKERS, N. Y. 


| RES 





ZERO SPEED ... one of your control 
problems? DAZIC CAN SOLVE IT 


Control at slow speeds is possible with DAZIC direction 
and zero indicating contactors. They operate at shaft 
speeds as low as 4 RPM. Standard models can be driven 
at speeds ranging through 5000 RPM, at temperatures 
from —20°F to +-250°F. Wide performance range makes 
DAZIC ideal for DIRECT control — eliminating the need 
for complicated speed reduction hook-ups. 

Compact, "sealed-in" design and rugged construction 
permiis use of DAZIC zero speed switches in confined 
areas and under difficult operating conditions. 


2000 SERIES 


Applications of DAZIC include: 


Use as conveyor controls and interlocks. 
Operation of braking equipment 


1000 SERIES 


Adaptation as plugging switches 
To indicate shaft rotation 
To indicate direction of rotation 


To indicate faulty operation of any rotating parts on remote or 
inaccessible equipment 


To prevent reverse power being applied to a motor until 
complete stop has been made 


To indicate number of equipment starts and stops (in conjunc- 
tion with counting devices.) 


2100 SERIES 


STANDARD MODELS « SPECIFICATIONS ELECTRICAL SPECIFICATIONS 


Low Speed Control Indicates Adapts as AMP. Ratings 
Model Speed Shaft Plugging No. of 
No. Acceleration Loss Rotation Direction Switch Contacts} 110V. A.C 220V. A.C. 


| 4RPM |2RPM | Yes | Ww ss 


Yes 3) 
Yes Yes .9 
Yes No NE 
L3 
-- 
2120A" | 10 RPM 
10 RPM Yes | No ard 
| 2130-A*| 10 RPM "| 6 RPM | Yes | Yes | = 


NOTES 


S S 


No 


i 
o 
g 
o 


® 

n 
~< 
® 
n 
e 





l 
2 
3 


z 
o 





.25 
.25 
.29 


Yes 
Yes 
Yes 
Yes 


-— 
e 


pane 
e 


Yes 


— 
e 


— 
e 


o 
n 


X 

o 
a 
-— 
e 


*Adjustable in field for cut-in or drop-out speeds of approximately 10 to 100 RPM 
l. Special explosion proof housings can be furnished with all units for use in hazardous areas 
2. 1000 series mercury tube contacts, S.P.S.T.; 2000 and 2100 series snap action contacts, S.P.D.T 


3. D.P.D T. relays can be furnished with series 1000 units mounted in cast or metal housings, rated at 10 AMP. at 110V. AC., 
or 10 AMP. at 220V. A.C. 


MANY VARIATIONS OF THESE MODELS ARE 


Ovevell Dimensions Shaft Body AVAILABLE, INCLUDING ADJUSTABLE FEATURES 
Height | Width|Length| Diam.|Lgth. Material SEND FOR COMPLETE DETAILS. 


2000 Any Position | Metal | 
LE 


Cast metal and sheet metal protective housings can be provided with 
1000 series. 


WINTERBURN MANUFACTURING COMPANY + P.0. BOX 386. PUTNAM, CONNECTICUT 
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All-ceramic and metal, close 
control rheostats for unsur- 
passed dependability and 
smoothness of operation. Ten 

stock sizes, 25 to 1,000 watts. 


Five compact models, 10 to 
100 amperes, AC, up to 12 taps. 
All-ceramic and metal con- 
struction. Silver-to-silver con- 
tacts, with self-cleaning rotor. 


A wide range of dependable, 
fixed, adjustable, tapped, and 
non-inductive, power wire- 
wound resistors. Also a wide 
range of precision resistors. 


Single layer R. F. plate chokes 
and power line chokes, on 
steatıte or plastic cores. Pro- 
tected by a special moisture- 
resistant coating. 


OHMITE MANUFACTURING COMPANY 
—À W. HOWARD STREET, SKOKIE, ILLINOIS 
(suburb of Chicago) perean | E 





WHITNEY BLAKE .. CORD and CABLE 


FOR POWER SUPPLY P ^ 73 FEATURE ADVANCED DESIGN 
AND ELECTRONIC : 1 PROVIDE LONG 
APPLICATIONS b Ww å DEPENDABLE SERVICE 


























Over a half-century of experience in the wire industry . . . a . . . @ rigid quality control system . . . all combine to assure 
development laboratory constantly searching for improved you that Whitney Blake cord and cable are the best available. 
materials, better constructions . . . the finest equipment for 


We are prepared to help solve your cord and cord set engineer- 
extruding rubber, neoprene, polyvinyl chloride, polyethylene, ing problems as well as to furnish a wide variety of products 


nylon, and other insulating materials . . . highly skilled workers under the following general classifications. 








^ n 


MULTICONDUCTOR COMMUNICATIONS CABLES COAXIAL AND TWINAX CABLES 
in a wide range of conductor sizes. Shielded or unshielded, : icoti 

multiconductor or multipoir types with a choice of insulat- Cor high Grequensy epptlestions. 
ing and jacketing materials Army-Navy approved RG types. 






"Yee eee = d 
>>> : — 
das aa OA See ma 
MICROPHONE CABLES with neoprene jackets. SOUND SYSTEM WIRES 
with rubber, Plastite® or textile insulation 
ONE GE IE 04 2 ^7 w— b e » ve o 4 & 9 9 6 9 9 6 $ 8 9$ 50 6&9 9 »5»B $^» O6 98 M h.O *.»-»" 99 M» 9» "wv 9? 9 Ww W.w NX wi 
L4 


Zu Corel 


DYNAPRENE® neoprene jacketed cord and rubber jacketed cord for 
power supply. Listed by Underwriters’ Laboratories. 


CORD SETS custom built to your specific requirements. 

Using either standard cordage or cord designed to fit your particular applica- 
tion, Whitney Blake can fabricate regular line cords or special purpose cords 
having attached or integrally molded rubber or Plastite fittings. 


Koiled Kords 


Retractile cords for power supply or communication uses. Standard Under- 
writers’ types and special shielded multiple conductor types including nineteen 
conductor cable. (Manufactured by Whitney Blake Company and sold through 
Koiled Kords, Inc.) 


Contact our representative in your area for additional information and help 


with your wiring problems. 





ATLANTA, GEORGIA CHICAGO 12, ILLINOIS CLEVELAND 16, OHIO 
WHITNEY BLAKE 1447 Peachtree St., N. E 3145 Carroll Avenue 19115 Detroit Road 
SALES OFFICES Telephone: Emerson 2683 Telephone: Van Buren 6-0020 Telephone: Edison 1-7737 
TWX:CG 1708 
KANSAS CITY, MISSOURI LOS ALTOS, CALIFORNIA LOS ANGELES 49, CALIFORNIA PHILADELPHIA 10, PENNSYLVANIA 


213 W. 75th Street San Francisco Area) 12243 Shetland Lane 1541 Land Title Bldg 
Telephone: Emerson 4900 Box 1362 Telephone: Arizona 9-070) 100 South Broad Street 
Telephone: Whitecliff 8-2122 Telephone: Rittenhouse 6-4067 


107 PERSHING STREET 


e WHITNEY BLAKE CO. New HAVEN 14, CONNECTICUT 


Telephone: Chestnut 8-5515 TWX: NH84 
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THERMOCOUPLES 
Revere manufactures all types of 
thermocouples for aircraft and E 
industrial applications such as 
Moulding Presses, Oil Tempera- 
ture, Cylinder Head Temperature, 
Fire Detection Systems, etc.; in 
Iron-Constantan or Chromel. 
Alumel. 


THERMOCOUPLE* WIRE 
Stranding, wrapping, twisting 
and asbestos serving equipment 
enables Revere to produce ther. 
mocouple wire with cotton, glass, 
stainless steel, tinned copper 
and silver plated copper in ac- 
cordance with AN and MIL 


HARNESSES Specifications. 


Flexible, semi-rigid, and rigid 
harnesses are custom-made by 
Revere for virtually all aircraft 
engines and test stand opera- 
tions and for many industrial 
uses. Submit your special har- 
ness application today. v 





accurate 
temperature readings 


contact Eiri : 
..your dependable 







^ 


Thermocouple Adopters, Termi- source of su ] EXTRUDED PLASTIC WIRE 
nals, Fire Wall Connectors and A new high temperature thermo- 


plastic insulation extruded over 


CONNECTORS 


Resistors are manufactured in 


accordance with AN-5540-2 and wires of all types, developed for 
AN-5541-1 specifications. All are use in hermetically sealed equip- 
ruggedly constructed to guaran- SEND FOR FREE BULLETINS! ment or hot wiring jobs. Avail- 
tee long life under hard usage. able in 14 colors. 
Accuracy—dependability—long life are three necessary Revere's modern plant is capably staffed and equipped to 
attributes of temperature measurement equipment. On all offer complete and efficient service to all your temperature 
3 counts Revere products have established unsurpassed measurement requirements, Many standard stock items are 
performance records. Recognition of their quality by the available for immediate shipment. Special orders can be 
government and industry has made Revere one of the handled without delay. For more detailed information write 
foremost producers of thermocouples, thermocouple wire, to Revere Corporation of America, Field Engineering, Dept. 


harnesses, plastic-insulated wire, and accessories! 1, North Colony Road, Wallingford 2, Connecticut. 





REVERE CORPORATION OF AMERICA 


WALLINGFORD 2, CONNECTICUT, U.S.A. 
precision instruments for aircraft and industry 
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improve your controls... 


specify ICKERS 
Magnetic Amplifiers 


` 
For more than 20 years, Vickers engineers have pioneered in 
developing and producing magnetic amplifiers. The superior 
design and performance of Vickers amplifiers—manufactured 
in production volume for five years—are demonstrated in 
thousands of functioning systems. 


For custom amplifiers, Vickers engineering and manufacturing 
experience minimizes design and production time and cost. 
If you are seeking improved controls, you, too, may find that 
the solution already exists in Vickers design experience, or 
in the more than 100 Vickers Standard Magnetic Amplifiers. 


Standard amplifiers range from milliwatts to kilowatts in the following categories: 


VICKERS HIGH PERFORMANCE SERIES STANDARD 
AMPLIFIERS, for applications demanding optimum per- 

1! 1; i i VICKERS STANDARD HIGH POWER AMPLIFIERS, for 
formance, have the greatest power gain with shortest 


i Ls high power applications, provide lowest cost-per-watt 
response time. High Performance Standard Amplifiers PI i l 


volt single phase, or 240-volt three phase. 


lab] 108 — | | output. Amplifiers operating from 60 cycle power sources 
are available up to 108 watts for 60 cycle power—an i l 

3 i — of 120, 240, or 440 volts, single phase, or 240 volts, three 
up to 385 watts for 400 cycle power. . 

phase are available. 

VICKERS HIGH GAIN STANDARD AMPLIFIERS serve 
intermediate power level applications with lower cost 
per watt output in the 1.5 to 1100 watt range. In this 


range amplifie rs are available for 60 cycle power, 120- 


VICKERS LOW SIGNAL LEVEL STANDARD AMPLIFIERS 
operate with control power as low as 10-'^ watts. They 
are suitable for low-level sources such as thermocouples 


and photocells. Gain and balance are adjustable. 


Learn how Vickers Magnetic Amplifiers can solve your control problems. Detailed information, 


specifications and engineering assistance will be promptly provided upon request. 


Pioneers in Magnetic Amplifier Development 


EF EO RAT 
-— 4a wm -m 
* A UB 

m P. gos rS 


á DEW, A xy 
V ICKER$ /nc. 
A U N IT OF 7. & 2 S PERRY eget? OQATIIGO HM 


1819 LOCUST STREET . SAINT LOUIS 3, ISSOU 
“3 ere is ee MS L3 A EE. SEL. ~ 
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Type 12200 


new... 


Deliver Unmatched Quality— 


DORR RRR RRR RR RRR REE EERE EERE REESE ESS 


Save Money! 


Type 12100 


Occasionally, manufacturers have requested a 
particular modification of a Soreng solenoid design 
on unusually short notice. Because, in the past, 
we carried no finished solenoid stocks, we were 
sometimes unable to fill such orders. However, the 
new Soreng “Standard” Solenoid alleviates this 
problem. 


How The “Standard” Meets Your Specifications 
The four basic solenoid types shown here provide 
twelve sets of characteristics. When you give us 
the specifications of your design, our engineers can —————————— P 
quickly recommend the combination of type, duty 
and voltage necessary to do the job. 

The standard units have all the exclusive fea- 
tures of any Soreng custom designed solenoid . . . Type 12130 
more pull where needed, double shading coils, quiet 
operation, retained uniform characteristics, and a 
life equal to the product in which they are used. 

How The "Standard" Saves Money 
Of course, savings are always possible through 
standardization. And, in this particular case, the 
savings are two-fold. First, rising costs have been 
minimized so that first cost is held down. Secondly, 
with little or no lead time required, you can lower 
your investment in a parts inventory. 

This gives you some idea of the tremendous pos- 
sibilities of the Soreng Standard Solenoid. For 
more complete information, power curves, dimen- 
sions and electrical characteristics, write for Bul- 
letin CF-124. 


Bulletin CF-124 | 
Drawings, Power Curves, Technical Data l Sor 


ng 


| : 


, PRODUCTS CORPORATION 
9573 Soreng Avenue, Schiller Park, Illinois 
Plants: Schiller Park, Ill. +» Fremont, Ohio + Spring Valley, III 
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COMPLETE 
CIVILIAN LINE 


Exceptionally good delivery cycle on 
civilian orders due to GUTT re 
mass production facilities. 


° 


bees 


TYPE GC-45, 15/16” dicmeter variahle 
compesition resistor. Wattage rating: 
1/2 watt for resistances through 
10,000 ohms, 1/3 watt for resistances 


TYPE GC-35, 1 1/8" diameter variable 
composition resister. Wattage rating: 
3/4 watt for resistances through 
10,000 ohms, 2/3 watt for resistances 


over 10,000 ohms through 100,000 
ohms, 1/4 watt with 500 volts maxi- 
mum across end terminals for resist- 
ance; over 100,000 ohms. Available 
with or without illustrated cttached 
switch and in concentric shaft tandem 
construction C2-45 as shown above, 


over 10, ohms through 25,000 
ohms, 1/2 watt with 500 volts maxi- 
mum across end terminals for resist- 
ences over 25,000 ohms. Available 
with or without illustrated attached 
switch and in concentric shaft tandem 
construction C2-35 as shown abovo. 


Typical concentric shaft tandem with panel and 
rear sections operating separately from 
concentric shafts (TYPE C45-70 ILLUSTRATED). 
Similar construction available for all 
military resistors, 


LOS 


‘REPRESENTATIVES 
Henry E. Sanders 

| McClatchy Bidg 

| 69th & Market St 


Upper Darby. Penna 
Phone Flanders 2.4420 


IN CANADA 


C C. Meredith & Co x 
Streetsville, Ontario ' 


SOUTH AMERICA 
jose Luis Pontet 

Buenos Aires. Argentina 
Montevideo Uruguay 


w S$ Harman Company 
1638 Si Rio de Janeiro, Bran 


MERC LINE 


os Angeles 35. California 
Phoné Bradshaw ? 3371 


John A. Green Company 
16815 Orote Drive 
e Dallas 9. Texas 


Sao Paulo, Bran! 


OTHER EXPORT 
Sylvan Ginsbury E 
8 West 40th Street 
New M LE MI 















COMPLETE 
MILITARY LINE 


Immediate delivery from stock on 189 
types including JAN-R-94 and JAN-R-19 
types of variable resistors. 







p 


os 





— CA 


TYPE 35, (JAN-R-94, Type RV3) 
1/2 watt, 1 1/8" diameter vari- 
able composition resistor. 
Also available with other 
special military features not 
covered by JAN-R-94 includ- 
ing concentric shaft tondem 
construction. Attached switch 
can be supplied, 


TYPE 252, JAN-R-19, Type RA20) 
2 watt, 1 17/64" diameter 

variable wirewound resistor 

Also available with other 

special military features not 


covered by JAN-R-19 includ- 

ing comestte dieit tesdon Spacially designed for military communi- 
construction. Attached switch cations equipment subject to extreme 
can be supplied. 


temperature and humidity ranges. 
=-55°C to +-150°C....aridity te saturation. 


Burton Browne Advertising 


DIT "ia Addn 
Co a pos 


ELKHART - * qmm 



















| 
| 
"Tube quts 


| 
| 





Ea i SO DOES YOUR 
| PRODUCT'S REPUTATION 


- FOR DEPENDABLE PRODUCT WIRING USE 


Home Appliances. Unilectric serves 
| > snufocturers 


appliance ma 


Wire SYsTems 


For over 10 years, Unilectric 
has been wiring headquarters 
for the nation's electrical and 


electronic manufacturers. 


Investigate This Proven 
Cost Saving Service! 


VuuLECTKRIC Woms $vsreus 


TRADE -MARK 





MANUFACTURED BY 


UNITED MANUFACTURING & SERVICE CO. 
421 SOUTH SIXTH STREET 
MILWAUKEE 4, WISCONSIN 


Military Products. Unilectric’s r ond defense 
production experience includes oduct LLLI 





ssembly for 


ódor cob 
Chicag> 
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CYCLO-MONITORS 








CIRCUIT CONTROLLING PRE-SET COUNTERS with 


Instantaneous Automatic Reset 















RESETS INSTANTLY ON COMPLETED COUNT 


All motion at the drive shaft is registered in the count. The 


patented reset operates with absolutely no time lag, pause 
or lost motion—regardless of speed—for either continuous 
or intermittent operation. 





Cyclo-Monitors are more than counting devices. They are 
electric circuit controls that operate on a predetermined 
count which will repeat automatically. Adjustment for a 
desired count is ani easily and quickly. 


After the desired setting has been made, the automatic 
reset feature allows the operator complete freedom from 
count worries. There is nothing to watch during the run. 
There are no interruptions between cycles for count 
reading, checking or manual reset operations. The elec- 
tric circuit takes over and produces the desired results 


WRITE NOW FOR 


COUNTER and CONTROL CORPORATION 


222535 W. CLEGEECTRIC AVE: 
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WHAT CYCLO-MONITORS DO: 


1. Count revolutions, strokes or electric impulses (standard models 
available for each type of operation). 


2. Transfer the switch when a pre-set count is reached. 


3. Hold the switch in the transferred position for a pre-determined 
count—momentary or dwell—without interruption of the count- 
ing process. 


4. Return the switch to its normal position. 


Repeat this cycle continuously, without re-setting or checking. 


® 







































The Cyclo-Monitor determines not only when the 
switch will transfer, but also how long the switch will 
remain in the transferred position. Any Cyclo-Monitor 
can close an open circuit, open a closed circuit, or 
simultaneously close one circuit and open another 
when the desired count is registered. 


WHERE CYCLO-MONITORS ARE USED: 


Automatic Reversing Marking Lots 
Measuring and Cut-Off 


Metering Control 


Shear Control 
Batch Counting Sheet Counting 
Box-Making Machinery Signal Control 
Coil and Armature Motor Control 

Winding Packaging Machinery 


Container Filling 


Slide Fastener 
Gap Spacing 
Paper Converting Slip Sheeting 


Depth Control for Drilling Machines Solenoid Control 


and Tapping Printing Machinery Speed Control 


Instrumentation Punch Press Cut-Off Spooling 
Intermittent Conveyor Relay Control 


Control Resistor Winding 


Spring Forming 
Textile Machinery 


Life Cycle Testing Roll Sizing Timing 


and All Kinds of Production Machinery Operating on a Repeating Pre-Selected Count 


with the count “built-in” to the operation. The functions 
of motors, relays, solenoids, signals, etc., cam be ac- 
curately and automatically governed by means of these 
time-saving controls. 


Through Cyclo-Monitors, many machines and processes 
can be greatly simplified by the elimination of change 
gears, complicated cam systems, awkward mechanical 
stops, intricate control circuits and the like. Moreover, 
set-up time for any desired cycle sequence can be reduced 
to a very desirable minimum. 


BULLETIN 202A 


J MILWAUKEE 14, WIS. 


Ucinite Electrical Assemblies 


Tol a BATTERY CONNECTORS 


specifications 


SHOCK MOUNTS Hi 


Offered in several sizes — 
brackets and durometer of 
rubber bushings can be varied 
With threaded Teeniuts or plain 
bushings. Insulated versions if 
needed 


G TUBE CAPS 


Positive gripping, heat treated 
steel springs in corona resistant 
metal housing. Insulated or 
non-insulated. Wired to speci 
fications Type shown has 
silicon shield for special ap- 
plication. 


SWITCHES è 


Oak type switches manufac- 
tured as a licensee. Variety of 
rotary and push-button as- 
semblies to specifications 


HJ TEST JACK 


Ucinite's quality jack for .080 
probes 
tacts. Nylon insulation in colors 
Metal shell for firm dependable 


mounting 


Beryllium copper con- 


METAL STAMPINGS Hd 


Volume production in Metal 
stampings. Years of engineer- 
ing and tooling skill available 
to solve your particular prob- 


lem 


The UCINITE Company 


DIVISION OF UNITED-CARR FASTENER CORP. 


Newtonville 60, Massachusetts 


ANODE CONNECTORS d 


Plug button contacts for po: 
tive, firm connections. Cor 
resistant neoprene or sili 
shields in straight 

angle types. Wiring 
tomers specifications 


SNAP SWITCHES ® 


Precision, momentary contact 


push-button switches 
and dependable. 5S 
cuit arrangements 


version showr 


c 
ò e\d en 


B BANANA PINS 


Four sizes of ¢ 
piece beryllium c 
Adaptable mounti 
threaded, staking, or 
types Similar 


also available 


* TUBE SOCKETS 


Ceramic octals and 
types 
ing. Open ended plates 
shock 
grommets. J A N types 


Ring or saddle mo 


mounting with ru 


4 POINTERS 


Slide pointers. Two sizes of 
carriages adjustable to varia 
tions in rails and adaptable to 


any indicator design 


gineet- 
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ALUMINA 
(CERAMIC) SEALS— 


Metallized—ready for soldering. Ex- 
tremely resistant to mechanical and 
thermal shock—meet top military 
specifications. Feed-through types. 


GLASS-TO-METAL 
HERMETIC SEALS— 


World's most complete line—over 1600 
types and sizes, some small enough to be 
mounted on '$" centers. Protect vital 
electrical assemblies from moisture, atmos. 
pheric changes, corrosion, dirt, leakage. 
Also used as feed-through and stand-off 
terminals. 


MULTIPLE HEADERS— 


610 types always available—wide range of 
styles, shapes, pin arrangements. Can be 
incorporated into any panel or chassis re- 


quiring multiple connections. Fit standard 
receptacles. If required our engineers will 
design and build specially. 


Sealtron will solder seals 
into your assemblies, will 
guarantee hermetic perfection. 
Our technicians -build to your 
specifications—eliminate your spe- 
cialized operations, cut downoverhead, 
release key personnel for other work. Sealtron welds flexible lead wires right into 
Here's Complete Seal Assembly Service Multiple headers. Eliminates difficult _ 
l. We M: form brackets and panels. Fans: den ran ri Rag 
a Sealtron “Built-in” leads meet AN specifi- 
2, We solder, weld, or braze seals. Mount studs, cations, eliminate space-taking mechanical 
inserts, brackets—all components—into com- attachments required with soft-soldered 
plete package.” Ready-to-usè. leads, takes up as little as 34” on back 
3. We supply feed-through or stand-off seals. of panel. 


t —F— 


METALLIZATION 


“Send for our new 
Metallized glass and ceramic ! easy-to-use 
windows, tubes, discs, rods, f  cutalogue-brochure 
coil forms—for use in her- Á 7 today and remember— 
metically sealed units. Built T. Sealtron protects 
to your specifications—ready ; 4 y 


for soldering. sensitive parts.” 


Our engineers are always ready to help you with design 
problems, will develop special seals, seal assemblies, 
metallized units to suit your needs. 


THE SEALTRON COMPANY 
9701 READING ROAD e CINCINNATI 15, OHIO 
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"Tattle" ot ADRIAN Om 


Specialist in Development, Design 
and Production of Heating Elements 
for all types of Electrical Equipment 


MAJOR AND SMALL ELECTRONICS 
APPLIANCE DIVISION DIVISION 
f - -i = 15 < 
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H. W. TUTTLE & CO. D ADRIAN, MICHIGAN 
SYMBOL OF QUALITY 


* Tattle” of ADRIAN 
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Product Engineering 


LEDEX rotary solenoids 


solve remote control problems! 


The many production applications of Ledex 
Rotary Solenoids vary from the dependable, 
snap-action tripping of airborne bomb releases 
to the actuation of rugged, hydraulic valves in 
heavy duty materials handling equipment. These 
compact, powerful, shock resistant Solenoids are 
manufactured with diameters from 1% to 3% 
inches. Predetermined rotation up to 95° can be 
engineered to suit your product's requirements. 
Starting torques for 45° stroke range from 'Á 
pound-inches to 50 pound-inches. 

Ledex Rotary Solenoids operate on direct cur- 
rent and are adaptable for various types of 
power take-offs, mountings and dust covers as 
illustrated at the right. 

We supply to quantity users and solicit the op- 
portunity to be of assistance in engineering a 
Ledex Rotary Solenoid to meet your product's 
requirements. 


LEDEKX circuit selectors and 
stepping relays give remote control 
for multiple complex circuits. 


Ledex Circuit Selectors and Stepping Relays can 
be remote controlled, are Rotary Solenoid oper- 
ated, have positive detent action and are self- 
stepping or external impulsing. Many versatile 
designs of stepping, counting, adding and sub- 
tracting, latching, and circuit selecting relays are 
made possible by the combination of the Ledex 
Rotary Solenoid and wafer type rotary switches. 
Self-stepped or externally impulsed, the device 
is immediately adaptable to many remote control 
applications. A choice of wire sizes permits a 
wide range of operating voltages and power re- 
quirements. Various types of mountings further 
increase its adaptability. In addition to its posi- 
tive control of multiple, complex circuits, a re- 
serve of mechanical power is available for the 
performance of many duties other than switch- 
ing operations. 


Write today for complete information on Ledex 
Rotary Solenoids and Ledex Circuit Selectors. 
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WEBSTER STREET 


MODEL NO 


Diameter 


Weight lbs 


DAYTON 2, 


Magnetic action moves 


the armature along the 
solenoid axis, This ac 
tion is converted into a 
rotary motion by means 
of ball bearings on in 
clined races. 


Torque !b./inches*| '/, 
$ - i 


OHIO 





Coaxial Cables—"Surco” coaxial cables include a wide 
variety of types, such as low capacity, extra flexibility, 
small diameter, microphone 2 conductor, and high tem- 
perature ‘Teflon’. Conform to Military Spec. Jan-C- 
17A. Many special designs. If you have a coaxial cable 
problem consult us. 


Miniature Wire & Cable—"Surco” miniature wire and 
cables are made in conductor sizes down to No. 32 AWG 
in stranded and solid. Close control in manufacturing per- 
mits small finished diameters on both single and multi- 
conductor cable. Available in standard colors with and 
without nylon jacket or shielding in the various vinyl or 
polyethylene compounds. 


"Surflene" Insulated Hook-up Wire—"Surflene", 
extruded monochlorotrifluoro-ethylene, has excellent resist. 
ance to heat, abrasion, and most chemicals, including 
nitric acid. Having high dielectric strength and insulation 
resistance, it is especially useful in totally enclosed ap- 
plications with continuous temperatures up to 135'C. 
"Surflene" is available in 15 solid colors and wall thick- 
nesses down to 0.008". "Spiralon" colors presently under 
development. 


Multi-Conductor Cables—"'Surprenant" multi-conduc- 
tor cables are available with conductor sizes from No. 32 
AWG and larger, with or without nylon jacket or shielding 
and can be made to specification for special design and 
applications. Close tolerances permit unusually small over- 
all diameters and "Spiralon" color coding permits easy 
identification even when hundreds of 
involved 


conductors are 


New Improved Aircraft Wire—Surprenant new light. 
weight, smaller diameter MD wire-(vinyl-glass braid-nylon) 
and the standard Surprenont sandwich construction (vinyl. 
glass braid-vinyl-nylon) give excellent overload safety, 
high and low temperature performance, good electrical 
properties and have a nylon jacket giving greater re- 
sistance to abrasion, fungus, moisture, hydraulic and other 
oils (nylon braided jacket on sizes 10 AWG and larger 
for greater flexibility) and are made to conform to MIL- 


ruin-w at fo pon 
(210°C) 


INSULATED 
HOOK-UP WIRE 


199 WASHINGTON ST, 


WIRE - CABLES-TUBING 


W-5086. “Surprenant” also offers nylon jacketed- poly- 
vinyl-chloride construction made to conform to Military 
Spec. AN-J-C-48A. 


"Spiralon"—"Surco-Spiralon" color coding is available 
on all vinyl, polyethylene, and nylon insulated wires, with 
or without nylon jackets. One, two, or three color stripes 
ere available in the standard Nema colors providing 
almost unlimited color identifications. 


Solid color insulation is also available in the 10 standard 
Nema colors. 


"Surco" A-10 For (105°C) Hook-up Wire—A-10 is 
an unusually high grade vinyl insulating compound devel- 
oped in our own laboratories for a better hook-up wire. 
It has excellent resistance to deformation, soldering, high 
temperature, low temperature and aging; high electrical 
properties; Underwriters Lab. approved for continuous 
operation to 105°C without fibrous covering. A-10 in- 
sulated wire made to conform to MIL-W-16878. 


JAN-C-76 Hook-up Wire—Made to conform to Mili- 
tary Spec. (WL-SRIR-SRHV-SRRF) in all sizes. WL available 
with nylon jacket or glass braid. The nylon jacket has 
greater abrasion resistance and high surface resistivity 
under adverse conditions. SRIR-SRHV-SRRF available with 
primary insulation only or with the addition of a glass 
braided covering. All standard colors including "Spiralon" 
spiral striping. 


"Surco" Tubing—"Surco" vinyl tubing is available in 
special formulations to provide low temperature (—65*C), 
high temperature (U.L. approved for 105*C), high dielec- 
tric strength, flexibility and colors. Standard compounds 
are carried in stock in regular sizes. Polyethylene and 
nylon tubing are also available and are carried in stock 
in natural color, limited sizes 


MIL-W-5274A Radar & Electronic Hook-up Wire 
—Made to conform to Air Forces Spec., this wire offers 
excellent low temperature performance. Nylon jacketed, it 
has high abrasion resistance and superior surface resistiv- 
ity even under adverse humidity conditions, making it very 
adaptable for high impedance circuits. 


Extruded Thin-Wall Tefion Insulated (210°C) Hook-Up Wire—Continv- 
ously operable over the range from-90°C to 210°C without appreciable deteriora- 
tion, extruded “Teflon” (potytetrafivoroethylene) is now available in walls as thin 
as 0.010” (type WTE) and 0.015” (type RTE). Teflon combines non-flammability, 
chemical and solvent resistance, high volume and surface resistivity with extremely 
low electrical losses. This wire is available in all flexible strandings from AWG 30 


to AWG 10 and conforms to performance requirements of MIL-W-16878. Colors 
conform to MIL-STD-104. 


D ver 


" Engineered Wire and Cable for 


the Electronic and LLLA al 


MFG. CO. \ 


BOSTON 8, MASS. Plant CLINTON, MASS 
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RHEOSTATS 
Ring Type 


Ward Leonard Electric Controls 
ad EOP for Superior Performance 





New Bulletin 1110 viTRoHM Ring Type 


Rheostats assure the utmost in dependabil- 
ity, accuracy, and long service life, in both 
fixed and variable current control applica- 
tions. 


Newly designed for use in electronic, in- 


dustrial, and other equipment where smooth, 
gradual resistance change is essential. 





25 watt rings from 1 to 2500 ohms 


Ratings 












Core and base, molded of finest ceramic 
materials, are bonded together by VITROHM 
enamel. Special alloy resistance wire is 
toroidally wound on core and held perma- 
nently secure by enamel. Design of drive 
shaft and contact arm eliminates backlash 
assuring uniform contact pressure and 
smooth operation. 


50 watt rings from 1 to 7500 ohms 


Based on 300°C rise in 40°C ambient in accordance with NEMA and U.L. Inc. standards 


Standard Resistance Tolerance 


+20, 


Ward Leonard makes an extensive line of 
a.c. and d.c. magnetic relays for automatic 
control, including heavy duty, intermediate, 
midget, timing and sensitive types. 

All Ward Leonard relays are service- 
tested and proved under the most critical 
operating conditions. They are extra rugged 
to insure positive action and to prevent dis- 
lodging of parts by electrical or mechanical 
shock. They are built on molded Bakelite or 
metal bases with all essential parts locked 
in position by the most practical, effective 
method. 

Every part meets exacting specifications 


Write for ViTROHM Rheostat Bulletin 1110 


10 percent 


to assure proper action of the magnetic cir- 
cuit and effective transfer of electrical energy 
to the circuits which the relay controls. 
Contacts are capable of handling their loads, 
with ample provision for overload. All 
parts are insulated for protection against 
high voltage. Metal parts are of corrosion 
resisting material or plated for protection 
against corrosion. 

Ease of installation and service are care- 
fully considered in each design. At the same 
time, compactness is achieved throughout, 
in keeping with electrical and mechanical 
requirements 


Write for Ward Leonard Relay Catalog 


To meet industries’ latest demands for 
VITROHM resistors, new styles, types and 
sizes are constantly added to Ward Leonard's 
already broad resistor line. Complete, up-to- 
the-minute information on stock and made- 
to-order VITROHM resistors is now available 
in Ward Leonard's new VITROHM Resistor 

Catalog No. 15. 

All components of every VITROHM re- 
sistor are made by Ward Leonard, the only 
manufacturer who makes, not just assembles, 
all parts. 


Write on your business letterhead for new VITROHM Resistors Catalog No. 15. 


WARD LEONAR 
ELECTRIC COMPAN 


28 SOUTH STREET, MOUNT VERNON, N. Y. 















Vitreous enamel coating and cerami 
cores are formulated and made by Ward 
Lconard, wirc is drawn to their specifica- 
tions. This means that all parts are uniform 
in quality, balanced in respect to thermal 
coefficient of expansion. 

The "result-engineered"' features of Ward 
Leonard VITROHM resistors have made them 
universally accepted as a measure of quality 
by designers, engineers, manufacturers, and 
scientists. 


A 


ad ET Coitisls Since 1892 


RESISTORS © RHEOSTATS © RELAYS © ELECTRIC CONTROLS © CHROMASTER 








WARD LEONARD 


MOTOR CONTROLS 


Full line of a-c and d-c Ward Leonard motor starters 
and controllers, magnetic contactors and control acces- 
sories 


Write for Ward Leonard Motor Control Catalog. 


RHEOSTATS - Plate Type 


Complete line of Ward Leonard viTROHM pressed steel 
plate type rheostats meets every requirement. 

Ward Leonard field rheostats are offered in several mul- 
tiples of field resistance values to meet various operating 
conditions. They are designed for a straight line relation 
between the steps of the rheostat and the field current. 

VITROHM rectangular contact rheostats have been de- 
veloped where a finer degree of control in electrically 
operated equipment Is necessary. 

W'rite for Ward Leonard Rbeostat Bulletin 60a. 


Resistance, auto-transformer and reactance type dim- 
mers for theatre, auditorium, studio lighting control. 
Write for Ward Leonard Dimmer Bulletins 71-76. 


CHROMASTER 


CHROMASTER is the new, simplified industrial chrome 
plating process for increasing life of cutting tools and 
wear parts three to ten times. 

CHROMASTER plating units with built-in power supply 
are available in 20, 50, 250 amp and larger sizes. Chroma- 
sol, an economical, non-critical chrome solution, plates 
directly on industrial steels, cast iron, and most non- 
ferrous metals. 

Write Ward Leonard for complete CHROMASTER details. 


WARD LEONARD ELECTRIC COMPANY 


28 SOUTH STREET 


MOUNT VERNON, New vork Ud Rr Bey MLL Ld 


RESISTORS © RHEOSTATS RELAYS * 


ELECTRIC CONTROLS Md CHROMASTER 





Send for this zee SAMPLE FOLDER... 
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different Test Samples of 
high-dielectric 


INSULATING 
TUBING and SLEEVING 


INCLUDES SAMPLES AND DESCRIPTIONS OF 
THE FOLLOWING... 


VARGLAS SILICONE Class H insulating materials were 


pioneered by our Laboratory. Retain flexibility, electrical 






properties and mechanical strength in temperatures ranging 
from —85°F. to 500°F. Available in tubing, sleeving, lead 
wire, tying cord. 


PERMAFIL-IMPREGNATED VARGLAS TUBING Fiberglas 
braid coated with General Electric's Permafil resin. Ex- 
tremely tough, resistant to solvents and elevated tempera- 
tures, highly flexible. Can be bent or twisted with little or 
no loss of dielectric strength. Coils and standard 36" lengths. 


VARGLAS SLEEVING AND TUBING Numerous types and 


grades—including synthetic-treated, varnished, lacquered, 
saturated, litewall and others. 


VARGLAS NON-FRAY SLEEVING Fiberglas braid normalized 
to remove all organic impurities. It will withstand tempera- 
tures up to 1200°F. Recommended where dielectric prop- 
erties are not paramount. Three types available. 

















MAIL 


CORPORATION 


Makers of — 
Electrical Insulating — 
Tubing and Sleeving — 

CITY 
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VARFLO TUBING AND SLEEVING Vinyl-coated Fiberglas in 


full range of sizes, colors and grades. Extremely flexible 
with excellent heat aging qualities. Low priced. 


VARFLEX COTTON TUBING AND SLEEVING Varnish or lac- 
quer impregnated — for applications where MIL-I-3190 
Class A materials are specified. All NEMA grades. 


SYNTHOLVAR EXTRUDED TUBING Made in various stand- 
ard formulations of vinyl polymers. Has high dielectric and 
tensile strength—will not support combustion nor absorb 
moisture. Type EG Approved under MIL-I-631A. Several 
others to meet special requirements. 


NEW! VARGLAS SILICONE RUBBER SLEEVING AND 


TUBING—the culmination of 5 years of research—for 
applications requiring extraordinary flexibility. De- 
tails on request. 


COUPON TODAY FOR SAMPLES! 


VARFLEX CORPORATION, 
312 N. Jay St., Rome, N. Y. 


Please send me free folder containing samples of your electrical 
sleeving and tubing. 


| am particularly interested in insulation for: 


ZONE STATE 
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This compact, electro-mechanical controller provides sensi- 
tivity, speed of response and system stabilization under severe 
operating conditions. Its design and operating features have 
made Regohm useful for automatic control systems in which 
heavier, more expensive and complex, but less accurate 


equipment had previously been the only available solution. 


Q) SMALL SIZE - Regohm is a compact, plug-in device; light- 
weight, extremely rugged and position-free. The unit’s small 
size does not limit its power-handling capacity. This makes 
Regohm a “natural” where economy of space and w eight 
are your major considerations. 


(2) POWER AMPLIFYING - Regohm is a high-gain clectro-me- 


chanical power amplifier. Milliwatt variations in signal 


energy can control energy changes millions of times greater. 


G) IMPEDANCE MATCHING - Signal and controlled circuits are 
isolated, both electrically and structurally. Signal coils may 
have ratings from 0.01 to 350 amperes. Controlled resistors 
on a panel in which Regohm is plugged, can have values from 


zero to infinity, depending on the controlled system 


(4) SYSTEM STABILIZING + A thoroughly reliable, sturdy dash- 
yot aids in system damping. It can easily and readily be 
I ping 


adjusted over a wide range to match the dynamic character- 


REGOHM 


7 Reasons why 


Regohm is a natural lor 


your control system 


istics of the Regohm to those of your present system. 


(s) ANALYTICALLY DEFINABLE - [he response of Regohm is in- 
dependent of the rest of the servo system. Its response char- 
icteristic can be expressed in terms of conventional “transfer 
functions." Regohm acts as an integrating error-rate pro- 
portional controller. No appreciable steady-state error can 
occur. Regohm's effect can be calculated in advance, sim- 
plifving design and facilitating prediction of performance. 
(s) CONTINUOUS CONTROL : In "closed loop" systems a high- 
speed averaging effect occurs as Regohm’s armature oscillates 
over a small amplitude. This provides intermediate values 
between step resistances and results in continuous, stepless 
control in systems operating at power frequencies and below. 
C) LONG LIFE - In properly engineered installations, 
Regohm's life is measured in years. Plug-in feature simplifies 
replacement and maintenance—there are no parts to renew 
or lubricate. Shelf life is substantially unlimited. 

Our engineering and research facilities can help you apply 
Regohm to your servo system or regulator problem. Write 
for Bulletin 505.00, containing a complete discussion of 


Regohm’s characteristics and applications. Address Dept. P 
EvLecrric REGULATOR Corp., Norwalk, Conn. 


CONTROL COMPONENT IN: Servo systems + battery chargers * air- 
borne controls * portable aud stationary generators * marine rador * 
inverters * locomotive braking systems * mobile telephones * guided 
missiles * signal and alarm systems * telephone central station equip- 


ment * magnetic clutches * railroad communication systems. 
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CUSTOM OR STANDARD 
. .. The Guaranteed Components 


FIND YOUR ELECTRICAL and ELECTRONIC COMPONENTS HERE 
i 9 


X 
p: 


X2045X X1942X 


X1990 


Insulated Terminals. Grade L-5 ceramic, silicone impregnated 
for maximum performance over broad humidity range. Rivet or 
screw stud type. 5 lengths of dielectric. Also available: phenolic in 
rivet or screw-stud mountings; ceramic with internal screw thread. 


HANDLE 


Slug Tuned Coils and Coil Forms. Single layer or pie type windings to your 

specifications. Forms of quality paper base phenolic or grade L-5 silicone im- 

pregnated ceramic. Mounted bushings are cadmium plated brass; ring type 

terminals are silver plated brass. All units include slugs and mounting hardware. 

Type C (above) available with retaining collars of silicone fibreglas. Note: 1120 X1786 X1552 X1774 

Regular, CTC Coil Form Kit is available. Also available, new Coil Kit, Type 

X2060, with windings on standard LS-6 Forms, Hardware. Includes panel screws, thumb screws, dial locks, shaft 
locks, handles and handle ferrules, tube clamps, terminal board 


brackets, standoff mounts and spacers. 
Shown approximately full size. 
.* 
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X1785 X1457 Terminal Boards. Standard type in cotton fabric phenolic, nylon 

phenolic or Grade L-5 silicone impregnated ceramic. Custom boards 
f cloth i i i ili i 

Silver-Plated Brass Standard Terminal Lugs. Twenty-eight different aa e E — 

types, each available in varied shank lengths, coated with water dipped lac- to specifications MIL-V-173 and JAN-T-152. 

quer for protection during storage. Other finishes include hot-tin, electro-tin, 

electro-tin lead, cadmium or gold plate on special order. Pressure and hand 

swagers available for mounting all terminals. Note: Combination screw and 

solder terminals are available in 3 sizes. 


All materials, processes, finishes meet applicable government specifications. 
Custom Made CTC Components will be quickly made to your specifications in production quantity. 


Write for Free Catalog #400 containing complete data on the entire CTC line. Includes engineering drawings on items 
pictured here as well as many other CTC components. 


CAMBRIDGE THERMIONIC CORPORATION, 473 CONCORD AVE., CAMBRIDGE 38, MASS. 
West Coast Stock Maintained by: E. V. Roberts, 5068 West Washington Blvd., Los Angeles 16, California 
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WOVEN WIRE RESISTANCE 
HEATING ELEMENTS 


SAFEWAY Electrical Heating Elements differ from the more usual types of elements in 
that the resistance wire is interwoven with suitable electrically non-conductive material. 
Engineered for specific applications 


This woven type element provides mechanical flexibility . . . “form-fitting” to con- 
tours of area being heated . . . together with temperature uniformity over the entire 
area. 


ELECTRICAL CHARACTERISTICS Values: — Elements most frequently made for 
110 volt, 220 volt, or 27 volt power source — but can be supplied for such dif- 
ferent values as desired. 


Tolerance on resistance: — Usually plus or minus 5% — but can be held 


closer in most cases if desired. 


PHYSICAL CHARACTERISTICS: Because SAFEWAY elements are engineered spe- 
cifically for individual requirements, a wide variety of physical specifications can be 
developed to order. 


@ Insulating methods: — Applications vary from elements used with bare 
wire .. . to those insulated in fibre glass or those imbedded in neoprene or 
other plastic. 


Temperature Values:—Range approximately from —65°F to 1000°F de- 
pendent upon construction. 


Low temperature of wire assures very long life of both resistance wire and 
insulating material. 
Flexibility: — Comparable to fabric. Can be fashioned, through variations 
in weave, to follow contours of area to be heated. 
Q Size: — Element is relatively thin. 
Q Surface areas can vary from a few square inches to many square yards. 
APPLICATIONS:—from de-icing . . . to temperature control for high altitude instru- 


ments...to even distribution of heat in electrical appliances and in industrial 
equipment. SAFEWAY elements are especially adaptable where space is limited. 


WHAT IS YOUR PROBLEM? Our engineers will be glad to help you develop a 
solution. To learn the potentialities of Woven Type Elements for electrical resist- 
ance heating, simply send for our detailed specification sheets. Write today. 


SAFEWAY HEAT ELEMENTS, INC. 


MIDDLETOWN * CONNECTICUT 
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Termin Wal... 


about your uses for 


c-p-F METAL CLADS 


Did you know that C-D-F supplies a full range of 
metal clad laminates in both Dilecto and Teflon 
grades? With mounting interest in printed circuits 
it pays to consider the respective advantages of these 
new C-D-F materials ... it also pays to line up all the 
Information Wanted facts and discuss your specific 
application with your C-D-F sales engineer (Offices 
in principal cities). He's a ood man to know! 


Dilecto METAL SLADS 


Printed circuits depend upon stable, uniform core 
material and Dilecto has years of proven insulation 
service (Dilecto is a laminated thermosetting plastic 
made only by C-D-F from paper, cotton, glass or 
asbestos fabric base, or a mat base). Normally 
phenolic or melamine impregnating resins are used 
for METAL CLAD sheet stock. There are many 
grades of Dilecto, but only the better electrical 
grades are supplied with metal foil surfaces. Out- 
Standing is C-D-F grade XXXP-26, a hot punching 
grade with high insulation resistance, low and 
stable dielectric losses and excellent moisture re- 
sistance. Green color. New C-D-F Catalog GF-53 
gives complete data on Dilecto grades. Write for 
your copy today. 


Teflon’ METAL GLADS 

Glass fiber cloth is first coated with Teflon resin 
and laminated into C-D-F GB-112T sheet stock. 
This base withstands high heat (200°C. maximum 
operating temperature) with the dissipation factor 
and dielectric constant extremely low over a wide 
frequency range. No adhesive film is needed to 
bond metal to the Teflon laminate, thus the inher- 
ently good electrical properties of the core material 
are maintained. GB-112T has practically zero water 
absorption, so a METAL CLAD with this core 
offers consistent high insulation resistance with ex- 
cellent stability of dielectric loss properties. 


METAL CLAD Surfaces 


Copper foil (usually .00135” or .0027” thick) is 
bonded on one or both faces of the sheet grade of 
Dilecto selected. The foil used is a special grade 
of electrolytic deposition copper particularly adapt- 
able for cementing onto laminated materials. An 
adhesive film is placed between the metal and the 
Dilecto, and cemented during the pressing and cur- 
ing cycle. When closer tolerances are required 
C-D-F sands the Dilecto to the required thickness 
before bonding. Aluminum, silver, or other alloys 
of various metals may be supplied. 


Better Bond Strengths 


One of the most important physical properties of 
a metal clad product is its peel strength, the pounds 
pull required to separate the foil surface from the 
core material. Working with years of laminating 
know-how, C-D-F has been successful in obtaining 
the following average test values for its METAL 
CLAD sheet stocks: 
Lbs. pull per 
1” width 
XXXP-26 plus .00135” copper . . 5to 8 
XXXP-26 plus .0027" copper ..... 7 to 10 
XXXP-26 plus .0015” aluminum .. 9 to 12 
GB-112 Teflon plus .00135" copper .. 6 to 9 


Sheet sizes: Dilecto grades — 38 x 38", 38 x 42" 
Teflon grades — 16 x 36" 


Contnontnl-Diamond Abe 


NEWARK 40, etn 
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*DU PONT TRADE MARK 
Write for new C-D-F General Catalog GF-53, new C-D-F Teflon folder T-52, and talk METAL CLADS with your C-D-F sales engineer. 
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SPECIALISTS IN TRANSFORMERS 


at prices that compare favorably with standard units 


Over 25 years of know-how in special transformer design and manufacture. 
The illustrations shown are only a few of the many types manufactured. 


* 
Sizes from 0.01 to 300 KVA HIGH 


1, 2, & 3 phases, 25 to EFFICIENCY 


400 cycies. 
DRY TYPE ONLY \ orak TRANSFORMERS 


FOR: 


HEATING 

TESTING 

POWER 

ELECTRIC FURNACE 
SPECIAL WELDING 
PHASE CHANGING 
PRECIPITATION 
CONTROLLING 
RESEARCH 
LIGHTING 


INDUSTRIAL 
MEASURING 
SIGNALING 


LOW 
VOLTAGE 


All NWL coils are vacuum-pressure impregnated and all joints over 10 am- 
peres are silver soldered. Bus leads of over 100 amperes are silver plated. 


Laminations, oriented and most silicon steels are annealed in accurately 
controlled nitrogen atmosphere electric furnaces. 


SEND FOR 8 PAGE BULLETIN 
No Charge At Any Time For 
Design Service 


WINDING LABORATORIES 


ESTABLISHED 1920 11 ALBEMARLE AVE. TRENTON, NEW JERSEY 


SPS 

F] 

ese Manufacturers of Electrical Transformers— 
Testing Equipment 


MEMBER MEMBER 
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CHROMALOX offers you efficient and economical 
Tabagi eu tit -to fit your specific needs 


CHROMALOX Electric Heaters give dependable "on- automatic or manual control. Low initial cost, low 
the-spot" heat where and whenheatisneeded. They — installation cost and low operating costs are among 
produce uniform and accurate temperatures with the other advantages they give you. 


CHROMALOX STRIP HEATERS 


Easy-to-install CHROMALOX Strip Heaters are 
clamped to flat or curved surfaces, round vats, 
pipes and tubes. They are made in straight 
lengths, rings and segments . . . and may be 
curved or bent to fit cylindrical or “dished” 
Suríaces. Typical applications include: arma- 
tures, cleaning tanks, molds, process kettles, 
plating baths, revolving rolls, etc. 


CHROMALOX RADIANT HEATERS 


CHROMALOX Radiant Heaters let you dial 
the precise temperatures needed for baking, 
drying, curing, dehydrating and similar uses. 
They give glareless far-infrared heat that is 
absorbed efficiently by all colors, textures and 
surfaces. All-metal construction withstands 
shock, vibration, rough handling. Units are 
compact; easy to install in present equipment 
or assemble into tunnels, banks, etc. 


CHROMALOX CARTRIDGE HEATERS 


Compact CHROMALOX Cartridge Heaters are 
ideal for use when concentrated heat is needed. 
Inserted into close-fitting holes, they provide 
easily controlled heat for dies, molds, platens, 
etc. They are quickly and easily installed in 
stationary or moving parts with minimum labor 
and material costs; they may be controlled 
for accurate, dependable, care-free operation. 


CHROMALOX IMMERSION HEATERS 


CHROMALOX Immersion Heaters are used in 
degreasing, cleaning, pickling and plating 
baths; for melting greases, asphalts and similar 
viscous fluids; for heating Dowtherm, Arochlor, 
Prestone, and other heat-transfer mediums. 
Available in many sizes and types, with alloy 
sheaths to resist corrosive action. 


CHROMALOX TUBULAR HEATERS 


These heaters, in straight or tailored shapes 
are used for convection, conduction and radi- 
ant heating. They may be clamped to metal 
surfaces, used in ovens, or immersed in greases. 
They are especially useful to heat ovens, cal- 
enders, molding-presses and similar equip 
ment utilizing heat, 


Desinant inen hen ur oclving ———. of -——]1- septa WRITE FOR 

is available to you without obligation. romalozx Application 

Engineers, located in principal cities, will work with you in CATALOG 50 

adapting electric heat to your product or process. Write for 

name of Chromalox Engineer nearest you. Chromatox facilities 
and products de- 

EDWIN L. WIEGAND COMPANY ned 
7535 Thomas Boulevard ` Pittsburgh 8, Pa. 


Designers ond Manufacturers of Electric Heating Units Exclusively Since 1917 
More than 15,000 Types, Sizes & Ratings—Most Available From Stock 
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WATLOW ELECTRIC MFG. CO. 


1388 Ferguson Ave., St. Louis 14, Mo. 
"Tailored Heat for Every Industrial Use" 


SALES ENGINEERING REPRESENTATIVES 


BOSTON 16, Mass CHICAGO 6, ILL DAYTON 2, OHIO DETROIT 2, MICH ROCHESTER 4, N. Y. SEATTLE 4, WASH. WEST MEMPHIS, ARK. 
C. H. Ribble & Co Kelburn Engr'g Co. Thal Mor Associates Stanley L. Burgess Frank L. Unbehaun J. B. Hickman Co. Lioyd D. Fitts 


258 Park Square Bidg. 600 W. Jackson Bivd 11 W. Monument Ave. — 6432 Cass Ave yh 2 503 Maritime Bidg. 714 Broadway 


A MAN OAKS, CAL. EXPOR 
CAMDEN 2, N. J CLEVELAND 22, OHIO DENVER 16, COLO. NEW YORK 7, N. Y s AUC i. —€— AEn E Export Co. 
James W. Wyatt C. B. Webb Peterson Company C. H. Ribble å Co. 


ment Co. ment Co. 2030 Chestnut St. 
312 Cooper St., Rm. 201 22232 Bryon Rd 4949 Colorado Bivd 261 Broadway, Rm. 206 2342 Franklin St. 4622 Van Nuys Blvd. St. Louis 3, Mo 


Flexible leads or rigid terminals. Brass sheath for 
temperatures under 750° F., monel or stainless steel 
for temperatures to 1200? F. Diameters 3$" to 
] 5/16", lengths 15" to 20". Capacities 50 to 
1500 watts. 


Watlow STRIP HEATERS 


Straight or curved. Widths 34” and over, lengths to 
72". Nickel chromium resistor enclosed in mica, 
sheathed in rust-resisting iron for temperatures to 
750° F.; monel metal for temperatures to 1200° F. 
Post, button and bracket type terminals. 


Watlow IMMERSION HEATERS 


Straight or curved design. Encased in seamless 
cylindrical tube and brazed to pipe-threaded header. 
Brass sheathing for water heating, steel for oil heat- 
ing. Available in monel and stainless steel for special 
solutions. Diameters 34” to 2”, lengths 61” to 67”, 
capacities 150 to 10,000 watts. 


Watlow CYLINDRICAL HEATERS 


Patented clamping band. Widths 1 2” to 2”, diam- 
eters 1 55" and up. Watt densities up to 45 watts / 
sq. in. 


Wattow HOT PLATES 


Polished steel heating surfaces. Portable or flush 
mounting types, 3-heat switch for 550° F. to 750° F. 


Üatto«. YHERMOSTATS 


Temperature range from 100? F. to 550? F. Built-in 
double pole on-off switch. Neon pilot light (optional). 
Capacity 125 V., 35A., 4375 Watts; 250V., 25A., 
6250 Watts. 


Watlow SPECIAL EQUIPMENT 


Also available for specific industries and uses are 
heating-unit styles and sizes not listed above. For 
your special needs, write us — describing your 
requirements, 
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pA T a x A 
€ The Stevens thermostats listed are just a few from the largest line of bimetal 
thermostats in the industry. So even if you have an unusual problem in thermostat 
design, check with Stevens first. Chances are a standard Stevens thermostat will 
satisfy all your performance, size, cost and delivery problems. 


gc 
j 


» STYLES 

Non-Adjustable 

2 Adjustable 
Manual Reset . . ` 
Single Pole Double Throw . 
Positive Acting 
Snap Acting 
Open 
Enclosed . TTE 
Hermetically Sealed EIC eie 


ADJUSTABLE TEMPERATURE RANGE, 


Maximum : y a 
OPERATING TEMPERATURE, Maximum . . 550° F, 


DIFFERENTIAL between opening and closing 
(as measured on bimetal*) 
Maximum (open or close) . . . . . . : App. 15° F. 150° F. 
Minimum (open or close). . . . . ted App. 5° F. 10° F. 
CALIBRATING LIMITS 
Standard . . D OmU VUE NEA 10? F. +10° F. 
Special* . . : er eh oe + 5° P. + S° . 
RATING (Non-Inductive Load) 
115 Volts a.c. . koi ee «ais PAL be 15 amps. 15 amps. 1 à h 5 amps.) 
EEUU... 4n ^ nn s 10 amps. 15 amps. i à ý 2 amps. 
28 Volts d.c. . . CNW a UM ‘ 15 amps. 15 amps. b i " 5 amps. 
ANGLE OF ROTATION, Maximum : 300? 300° 


MOUNTING LOL A "A deu eee Single Stud Single Stud See Bulletin See Bulletin | See Bulletin See Bulletin 
F-2003 L-6395 F-2009 L-6934 


VIBRATION RESISTANCE ......... Fair Good Fair Good Good Good 
CORROSION RESISTANCE 
Standard . . Exc 4t... Good Good Good Good Good Good 
Hermetically Sealed .........-. No No No No Excellent Excellent 


HIGH ALTITUDE PERFORMANCE .. . ia Excellent Excellent Excellent Excellent Excellent Excellent 


SIZE Lou eL Et EX See Bulletin See Bulletin See Bulletin | See Bulletin See Bulletin See Bulletin 
F-2006 L-6397 F-2003 L-6395 F-2009 L-6934 


*Depends on application 


MARK YOUR PRINTS ~-STEVENS THE TATS 


Note: All above ratings are conservative and haw Ko 
may change, according to the application. 
Thermostats shown approximately half size. 














































IBIBIBIBIBI 

a Ni etron 

BIBIBIBIBIE 
SELENIUM RECTIFIERS 


A PARTIAL LISTING OF RECTIFIER STACK TABULATIONS 
TAKEN FROM THE LATEST SELETRON CATALOG 


T T 
[ $INGLE PHASE 1$ Amps. D.C 









22 Amps. D.C 






30 Amps. D.C. | 45 Amps. D.C 


——4 


















BRIDGE 

Approx D.C | Me Ei nm "2 LLL CSESAGM 

| a a s 

Vois New | input Code No. | B-Dim.| Code No i Code Ne Code Ne 8-Dim 

H + + + ——- ———- ————— - - - —- 
20 26 | MIBISIG VK MIBISIG Ik PIBISIG 1%, PIBISIG 1\, 
40 52 M28151G 2%" | M2B1SIG FI P281SIG | 2X, P2B1S1G 2X," | 
60 78 | M3BISIG Pk” | WMIBISIG | 3% P3BISIG 3 WP3BISIG 3^ 
80 104 MABISIG 3k, WMA4BISIG AX, P4B1SIG 3% WPABISIG 4% | 
100 130 MSBISIG | 3% WMSBISIG LET PSBISIG L 4% LWPSBISIG 5% 


Seletron Selenium Rectifiers 





— _ — ——— — — 


T 
SINGLE PHASE 60 Amps. D.C L 90 Amps. D.C. E. 1.0 Amps oc 1.4 Amps. DC. 





are the choice of an increasing 













| paa,  ,V—— poa. pL poa, pL. paa 
BRIDGE 3" p v 4 I» | d p i 
— AE tek | EB Jed (LER geal Fee number of manufacturers in 
| Agere. 9.C. | Mex. A C. |—— ae | tee] ee ee eee ee 
= ———À Code na L Om _ Code Ne 1 [05 | Code Me T1 8-Orm 4 Code Mo " 
— T — — — a — — — . . 
2 | 2 |awsic| 1 |awisic |i |simsic | 1 [simsic diversified fields because they 
40 52 Q281S$1G | 2%," |Q2BISIG 2X, S281S1G 24" | S281SIG 
60 78 | Q3BISIG 3 | wQ381SIG 3^ $381S1G 3% | WS3BISIG 
80 104 | OQA4B!S!G 3%” | WQ4B1S1G 4^" | SABISIG 4%" | wsa4BISIG | are so thoroughly dependable 
100 130 Q5BISIG AX, WQ58151G 5% $5B81S1G 5% WS5BISIG | 


under all types of grueling 

















SINGLE PHASE |_24Amps.DC. | 32Amp.DC | 4.5 Amps X [ 6.0 Amps. D.C 3 ad i : 
BRIDGE 2b 1751 TO EE ITI eee} conditions . . . Available in the 
pea pews & r € indies mda a d m a oh Ee B d . e 
| Vei New IL LL JI Code No | B-D«m | Code Mo IL Dim | Code No I 8-Oim | Code No $-0im miniature sizes required for 
20 26 UIBISIG 2% UIBISIG 2% WIBISIG 2% WIBISIG 
: M1) [ze ame] e radio, TV and other electronic 
8 104 U4B1S1G 6X, WUA4BISIG 8's WABISIG 63," | WW4BISIG 
wo | 1 ues | ow. wusmsio | x. | wemsto | 7x. |wwsrsio | 94 circuits, all the way up to 
[ smoit rwasc [ 974mm. Dc. | same boc [ soampoc [ 104m 0c. | heavy duty power stacks used 
BRIDGE owed tbl lolice . nb aA ff fol ak d à : d 
oe anae oet e tes M | cet I | et 3 in a wide range of industrial 
| Volt Now | input Voir | [ *5- | Code No | -Dim | Code No | S-Dim | Code No ] B-Dim. : y 
. Lim iri: E applications. 
6 8 4" | wT3BISIG 7x.” | H3BISIG 6%," | WH3BISIG 7 
80 04 B's WT4BISIG 0 HABISIG 8's WHAB!S1G 10 
100 130 T5BISIG 9 WT5BISIG 2% H58151G 9's WHSBISIG | 12% 





Listed above are full wave bridge rectifiers. Ratings 
are for continuous duty, resistive-inductive load, in an 
ambient temperature of 35°C. 






























MAX. INPUT | MAX. PEAK 
VOLTAGE INVERSE 
R.M.S 


MAX. D.C 
OUTPUT 












MODEL PLATE 
NO SIZE 


STACK 
THICKNESS 








For higher voltages and currents, other combinations 

















; re à e VOLTAGE CURRENT 
are available. Send us specifications for other designs 
Our engineers will be glad to aid you in the solution os : "i 2508 
am : D 2" sq 
of your rectifier problems without obligation 161 Ve” sq 20 MA 
8)1 11/16" sq 65 MA 
JU LAN 5M4 1” sq 75 MA 
I x 5M1 1" sq 100 MA 
GERMANIUM DIODES »-I^elet ron sei | 13/16" sq 150 MA 
EB $ - P2 1-3/16" s 150 MA 
in JAN and other types are mimm 6 q 
Me. oo. bh Sa SRI 1¥2"K1Ve = E 
501 12” $ 
Write for our descriptive MINIATURES FOR : 
Bulletin 128 RADIO, TV AND E I zm 
— , 602 1V2" sq 250 MA 
GERMANIUM TRANSISTORS OTHER ELECTRONIC 604 1V2" sq 300 MA 
APPLICATIONS sası | 1¥2"x2 
also available in limited 1¥2"x2 
quantity 2” sq 
2” sq 





For more complete listings write for Bulletin No. PE-2 


RP RADIO RECEPTOR COMPANY, Inc. RÈ 


M — M 99 —À———————— ——— —————— —————— ———————— 


Since 1922 in Radio and Electronics 


Manufacturers of Seletron Selenium Rectifiers e Germanium Diodes and Transistors * Thermatron Dielectric Heating Equipment 


SALES OFFICE: 251 WEST 19th STREET. NEW YORK 11 + FACTORIES IN BROOKLYN, N. Y. 
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In visualizing AUTOMATIC ELECTRONIC 
CONTROLS for your equipment, 
think of them LIKE THIS 





Are E 
prospect 
fraid of the 4 
"ine Black Box? , 


derful new 







































Your won 
Electronic 
may mean t 


sale — ¥ 
7 buyer sees that 


cautious 
his own personnel -— 
locate and correct 


Control a roubles on 


the spot. 







SIMPLE 


SIMPLE PLUG-IN CHASSES 


PLUG-IN PACKAGES 









simple plug-in units that for the first time assure 


beer skor KELIABILIT Y IN SERVICE 


(The User's own personnel con Tesoru asi correct most troubles on the spon 





Here are the bold Here’s how to get them: 
new Standards: IT'5 AS SIMPLE AS THIS - 


b ] Unitize your circuitry in compact vertical planes 
e 


" 4 s using Alden Terminal Card Mounting System. 
Circuitry subdivided, 6i 


function by function into m n +00 O, - 


plug-in units, JUMPER STRIP 


<~ 





R CE 


YOUR COMPLETED CIRCUITS 





PREPU NCHED TER* MINIATURE aS wiring CARD-MTG. > FOR PLUG-IN PACKAGE 
MINAL MTG. CARD TERMINALS for common circuits SOCKETS OR CHASSIS 
You « an use Alden a nal Mounting Card « with Alden Miniature s minals, Jumper Strip and 
»kets staked to ac modate any circuitry — making comple its ready for bousing. 
o E snap iaso ual ique Alden Terminals, are held sendy T w s0 sider ng. 


CHASSIS give tremendous variety with standard components 


w a mo 


—— T 
Pi 2 nto Plugged into aged into 
a Racks Alden Uni i Racks tou le Cases 


ei 2 To mount this vertical cireuitry, ALDEN PLUG-IN PACKAGES AND BASIC 
> 








ALDEN F 
2E LDEN 
| fo) HES gg dé o ox 
Tiny telltales spot trouble i" CHASSIS 
. E 2".4".8 
instantly. ' (om © COD ait vite 
a20-PiIN © @ "^ wr 





Standard Alden components provide tremendous varicty to build almost any circuitry as plug-ins. With spares, your circuits 
are units replaceable ia 30 seconds, 


3 Give chassis easily traceable interconnects and 30-second 
* replacement with ALDEN SERVE-A-UNIT KIT 


IT'S AS SIMPLE AS THIS Arrange Alden Side Rails (1) GIVING YOU !) Chassis chat plugs in, locks and ejects 
and Alden Lock Frame (2) to with half turn of the wrist eads so beautifully 


© 


Plug in replacement 


suit your Chassis. Alden Serve organized, accessible and idenufied that non-technical 
. A: nit Locks (3) mount in personne an service 
spares in 30 seconds. ut chassis to engage pre 
punched holes ia Alden Lock 


=- r rir ell 
lock or eje ur Chassis, 
Arrange Alden Bac k Conne 
tors (4) in orderly row on 
Alden Lock Frame. Mount 
mating Alden Back Connec- 
tors on your Chassis. 





~ 


o 


ALDEN BACK 
> * CONNECTORS 
. 


All leads brought to sin- 

gle accessible point of 
Compact front panel sily » MINIATURE MINIATURE 

check - all numbered, m mounts € tiny Alden Sensing TEST JACK mS ATING s INDI TRS 
lement cifically d eo 

color-coded — so layman EE signed to lick the problem of — 

f small space. 
can make first-level tests. 


REQUEST FREE HANDBOOK 


Describing complete system of Plug- 
in Unit Construction and Compon- 
ents. 226 pages and many Planning 
Sheets. 


4, Assign to each unit ALDEN SENSING ELEMENTS — to spot trouble instantly: 
















By thinking of your Electronic Controls in terms of ultimate plug-in units — you lick 
the problem of RELIABILITY IN SERVICE for your Customer . . . and you wash out 
problems of Design, Manufacture and Procurement for all concerned. 


A ALDEN Að PRODUCTS CO. (Eh. main st, srockton 64, moss. 


Are SIZE and WEIGHT 
Critical Factors in 
YOUR DESIGN... 


international 7 /— uw 
instruments | 9*3... 


INCORPORATED 4 dM 


B * fiers are especially suitable 

Il" l1 n LA | to drive two phase induc- 

iali i tion servo motors requiring 

-— specialists " and 2 | from 0.1 watt to 20 watts 
per phase on either 400 


* LJ | 
Hi nu ture meter dv | cps or 60 cps powerlines, 
v | ja - i The output power is either 

in phase or 180 out of 


phase with the powerline 
depending on the D.C. input signal polarity. 


DATA SHEETS 
AVAILABLE 


MODEL 100 
MODEL 150 


STANDARD 
TUBELESS SERVO AMPLIFIERS 


with built-in adjustable SERVO 
MODEL 153 LOOP STABILIZATION. Packaged, com- 
pletely self-contained, magnetic servo ampli- 


fiers for position servo systems where either 

Ue A.C. or D.C. error signals are available. De- 
* p R o M P T D E L ! V E R Y signed for instrument type and power type 

servo systems to work with synchro control 


e wo IDE SELECTION o F RANGES transformers or potentiometers and two phase 


induction servo motors. 


€ METERS DESIGNED TO SPECIAL REQUIREMENTS 


New Automatic Universal 


If your instrument requirements demand the smallest possible size and weight | TRANSISTOR 
without sacrificing accuracy and dependability, International Instruments can help CURVE TRACER 
you. International Instruments is a pioneer in the production of miniature instruments USES— 

— the first to produce and sell 1" barrel diameter instruments, 1/2” illuminated Designing 
meters as well as 1!2" self-contained AC Woltmeters, DB and VU Meters. ae transistor cir- 


an : > å E E 
The meters shown above feature a miniaturized D'Arsonval type movement. Expert ^ E cá m 
design, precision workmanship, and rigid quality control in every stage of manvfac- pug 


i : re i ing and select- 
ture make possible reduction in size while retaining high standards of performance. ing — detecting 


anomalies — 
studying effects 
of temperature, 


Accuracy is held to +3% of full scale deflection. Light, strong metal cases are 
easily mounted in any panel. Special scales, ranges and other characteristics can be 
provided to meet your particular requirements. Meters designed to meet applicable age, normal us- 
sections of Government Specifications are housed in watertight cases. They are used WRITE FOR age, over-load- 
extensively in equipment used by the armed services. esc ing — detect- 
If smaller size and lighter weight can help you to solve your instrument problems, PELI | ing failures and 
write for engineering data sheets that cover our standard instruments. Or simply 

submit your specifications to our engineering department. 


LIAISON ENGINEERS IN PRINCIPAL CITIES 


sa ces SS "X o" eS eS eS SS eS eS eee ee eS M ee See D. 8 
2 ^ Please send me engineering data sheet 
o g g eets coverin 
TUKA national the International Line of Instruments. J 
- 
instruments NAME 


INCORPORATED 
e POSITION 


U CO. NAME 


CO. ADDRESS 


r transfe 
Rro unded r 
e 


MAGNETIC 
AMPLIFIERS - INC 


An AR 


954, NEW HAVEN 15, CONN 
R E s CITY ZONE STATE 


632 TINTON AVE., NEW YORK 55, N. Y 


YPRE 
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Selection of the 


right material is often... 


AICO’S COMPLETE PLASTIC MOLDING SERVICE INCLUDES: 
Engineering Counsel; Meld Building; Injection, Compression 
end Cold Melding plus the molding ef reinforced plastics. 


Modern molded plastics offer almost unlimited 
combinations of physical properties to help 
you produce a better product at less cost. But 
so many excellent plastics are available that 
it often becomes a real problem to find the best 
plastic material for your particular needs. 


The Aico Plastics Applicator solves this problem. It lists the complete phys- 
ical properties of the most popular molding materials . . . automatically 
selects three superior plastics for each property . . . even indicates the best 
molding method! You'll do yourself a good turn when you turn the dial of 
the Aico Plastics Applicator. Send for yours today! 


American Insulator Corporation 
New Freedom, Pennsylvania 
Please send my free Plastics Applicator immediately. 
NAME: en 
Se 
CENA 
BU ee 


O Have your representative call on me, 





For every control, tap, 
and transfer application. 


TYPE P, 30A 


TANDEM TYPE P, 30-10A 


€ Save valuable panel space 

€ Simplify control of complex circuits 
€ Give "dead-front" mounting safety 

@ Listed by Underwriters Labs, Inc. 

€ Can be furnished to latest Navy specs. 


€ Ratings from 2 amperes to 200 amperes, 30 to 
250 volts d. c., and 125 to 500 volts a. c. — 
depending on number of circuits and nature 


of load. 


Write for combined catalog giving useful 
design data on Esco rotary switches. 


(AS ELECTRO SWITCH 


CORPORATION 
(wp 167 King Avenue, Weymouth 88, Mass 


A COMPLETE LINE 


OF EXPERTLY DESIGNED 


ELECTRONIC 
COOLING COMPONENTS 


Me 


AIRFLOW INTERLOCK SWITCHES 


3 


MINIATURE BLOWERS AND FANS 
FOR AIRBORNE EQUIPMENT 


HI-PRESSURE DIRECT DRIVEN 
TURBINES - INDUCTION MOTORS 


A 


VANE AXIAL ALTITUDE FANS 
WITH CONSTANT-WEIGHT PERFORMANCE 


HI-VELOCITY BLOWERS MATCHED 
TO STANDARD TRANSMITTING TUBES 


Write for complete catalogue 
including valuable data sheets 


ROTRON MFG. CO. 


9 Schoonmaker Lane 
WOODSTOCK, N. Y. 
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CUSTOM ENGINEERED 


Tint M 


PRECISION PRODUCED 


ELECTRONIC e AR 





s . d n p C TCHES 4 
Send your product wiring problem to Riverside! Whether apnd SWITCHES 
aes " - a jon, corr temperature extremes, € nplete 
it's a request for preliminary design assistance or for actual of toggle and pushbutton types, va fes and ratings 


production of a million units . it will receive our prompt 














attention and careful consideration. The design and produc- 
tion of electrical assemblies, harnesses, and wiring devices 
has been a Riverside specialty for years. At your service 
you'll find a complete experimental laboratory, a staff of 
experienced engineers, highly specialized manufacturing 
facilities, three modern plants, and a skilled labor force . 

all operating under rigid quality control methods. Send parts, 


f 
a 
/ 
prints or details of your problem for prompt engineering 
recommendations and a firm quotation, without obligation. 








t 


a 


^ verde 
Mamufaetumng 











Te iverside Manufacturing | ss 


Miustrates our type of production, engi- 

neering service, production facilities, We'll 

AND ELECTRICAL SUPPLY COMPANY also put you on our tist to receive timely 

bulletins on new products. Write today! 

| 10232 MICHIGAN AVENUE è DEARBORN, MICHIGAN * PHONE Tany 6-4000 You will be under no obligation, of course. 
WIRING- HARNESSES AND ASSEMBLIES e CORD SETS e HEATER AND EXTENSION ; ( 
CORDS e ELECTRICAL SWITCHES e RELAYS e MOLDED RUBBER PRODUCTS 
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WILCO BLUE BOOK (SECTION ONE) 


hermometa 





WILCO BLUE BOOK (SECTION THREE) 


Clad and Overlaid te Materia 
Wire) with fa gs m 
and nickel. Jacketed wire, silver on stee 
and othe mbinations. Rolled Gold 
filled wire 
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UE cm ee 
FLUORESCENT 
Localized Lighting 
for every 
industrial need 
and purpose .... 


BLUE BOOKS NOW AVAILABLE 


Stocker &Yale 


Lite-Mites 


For bench work; for machine tool 
work; for inspection; for layout 
and drafting; for all fine work 
where cool, brilliant, localized light- 
ing at low expense is desired ... 


Stocker&Yale 


LITE-MITES 


provide the ideal in lighting. Avail- 
able with or without magnifiers, 
the LITE-MITE provides the solu- 
tion to numberless lighting prob- 
lems. Models to suit individual and 
specific industrial requirements. 
Custom designs for original equip- 
ment manufacturers; some of the 
many OEM users: Pratt & Whitney; 
Addressograph-Multigraph; Ameri- 
can Machine and Foundry; Reid 
Bros, Mfg. Co., Hamilton Tool Co. 

Lite-Mite affords high intensity 
light; rugged construction resists 
wear and hard use; fluorescent light- 
ing utilizes minimum current while 
giving maximum localized lighting. 
There is a Lite-Mite for every need 
— in shop, plant, and laboratory. 
For full details, illustrations, prices, 
write: 


Stocker&Yále 


GREEN: ST., 





Below are listed the four new 
Wilco Blue Books. These new 
Wilco Blue Books embody over 
200 pages of technical data, 
giving complete information on 
the physical, chemical, and elec- 
trical characteristics of Wilco 
products and the technique for 
their most effective application. 


WILCO BLUE BOOK (SECTION TWO) 


ng S r num Tungs 
Jing Silver, Platinu ungsten 


Metals — Precious 


j Powder 


r Ring 


WILCO BLUE BOOK (SECTION FOUR) 
S F Alloys, Ni-Span C Constant Modulus 


Alloy the pecial alloy à jing high strength and 





MARBLEHEAD, MASS. 
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— 
Bulletin 470 Graphite Disc Rheo- Bulletin 500 Knee and Foot Con- Bulletin 802 Foot Switch for heavy Bulletin 410 Graphite Disc Rheo- 
stat for laboratories trollers for sewing machines duty, rough service stat for stepless control 





Bulletin 809 Instantaneous Current Bulletin 802 Limit Switches with Bulletin 600 Switch with overload Bulletin 848 Dashpot Timing Re- 
Jam-type Relay various operating levers breaker and pilot light lay. Maximum interval 30 <<- 





Bulletin 860 A-C Solenoid sup- Bulletin 849 Pneumatic Timers for Bulletin 202 D-C Contactors for Bulletin 600 Watertight Starting 
plied in variety of ratings machine tool service applications up to 150 amperes Switch with pilot lic ht 





Bulletin 840 Float Switch operated Bulletin 800T Oiltight Push But- Bulletin 801 Rocker Arm Limit Bulletin 808 Zero Speed Plugging 
by float and chain tons for machine tools Switch for reversing service Switch with magnetic lockout 


in THE ALLEN-BRADLEY LINE 


Above are shown a few Allen-Bradley control accessories that 
you might suggest to your customers. The variety of these units 
reveals the wide scope of the complete line. The Allen-Bradley 
Catalog is a treasure house of standard control accessories 
which can be used in innumerable combinations to solve vir- 
tually any control problem. May we send you a copy of this 
Handy Catalog? 


Allen-Bradley Co., 1329 S. First St., Milwaukee 4, Wis. 


Ww 
"BRADLEY 


MOTOR CIÓNTROL 








look for the A-B trademark. 


It is a guarantee of Quality. -— Q UALITY <= 
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LIQUID LEVEL 
CONTROLS 


B/W equipment covers all phases 
of liquid level control. It is ver- 
satile and may be used to control 
any liquid that conducts electricity. 
It is simple and positive in action, 
without vacuum tubes, floats, or 
moving parts in the liquid. 


Complete Engineering 
Service 


Our staff of competent and ex 
perienced engineers will welcome 





Type LH Chassis the opportunity to discuss all 
For Pump Down Control phases of liquid level control with 
1 Pole N. O. Contacts you, such as interlocking controls, 

programming controls, multiple 
signalling 


Safety Features 


B/W Controls bring you safety fea 
tures, such as shutting off pumps 
when pre-determined low liquid 
levels are  reached—protecting 
pumps from running dry and burn 
ing bearings. High level protection sre desig 


is also assured, assuring shutoff ou nagnet or à meter 
,—a mas 
at the proper time l ng r catch 


)0 
,etron—4 dc 





»uild- 
ning OF t 


mostat- 


. . aget 
Versatile Operation —4a motor or à " 


>f 
, switch or 2 the 


> ator 
B/W Controls cre not affected by or a separ — 
- valiv 
pressures, temperatures, acids or 1 governo! or à 
caustics. Remote control, if desired 


S-700 Pull Type Ice free electrodes where neces 
Solenoid sary Nd 





Lu 
INDUCTION RELAYS e RELAY SWITCHES E Ea = B 
^s Jerformane 
SIGNALS & ALARMS e MULTIPLE PUMP CONTROLS WE CAN get best pe 
CONTROL PANELS e A.C. SOLENOIDS per dollar ie à — 
ceri 
Yer latest !^ ma 
MAGNETIC CONTRACTORS AND STARTERS . e Omm a a 
| P d unito 1 
Ter inspects! 
MAIL COUPON FOR FULL INFORMATION — — s LI 


s = 
LÀ ASSI t you in 1c desig! 


| | , = 

| | 64 4 «Write for Latest Folder 
| 9 
| | 


B/W CONTROLLER CORPORATION 
2200-2 E. Maple Road, Birmingham, Mich 


Please mail catalog at once to 





addres E MAGNETIC 
z e aa CORP. 


10017 Erwin, Detroit 34 


City Zone State 


Attention Mr 
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ELECTRICAL CIRCUIT 


CONNECTORS 


..can solve your toughest weight and space problems! 


Our Engineering and Development Department can 
help you with your requirements for special connectors. 


SERIES “A” 


1/2 ACTUAL SIZE 


SERIES 
2 '"HMRE" 







DESCRIPTION 


LIGHTWEIGHT 
AIRCRAFT TYPE 





Polarized; Rack, Panel 
or Cable mounted—with 
Hood or Clamp and Cable 
strain relief 








HERMETIC PLUG 


Each special contact fused 
in glass into special base 
plate provided for sol- 
dering into a rectangular 
hole in an hermetically 
sealed housing or bulk- | 
(id. Used with Stan- | 
rd “MRE” Receptacle 


ACTUAL 
SIZE 


h 
da 


SERIES “‘SMRE”’ 


“eee ee ee eeee 


SUB-MINIATURE 


For Aircraft, Instruments 
and Portable Equipment 


Light weight, Polarized, 
Self-aligning with spe- 
cial guide pins. Rack, 
Panel or Cable mounted 
with Hood and Cable 
strain relief. 





ACTUAL SIZE 


SERIES 
"CR" 





MINIATURE 
PRESSURE-TIGHT 


This connector is typical 
f several recent designs 

zy a miniature 
1” dia. x 1%” 
an aluminum 





& €9 €9 9 *9 * 9 * 9 * 9 "js "^ "9 "2 99 9 9 l 








shell It is 

] with neoprene 

around the in 

1/2 AC around eact 
sız M pressure-tight 


tion 


TUAL 
E 


SERIES “MRE” 


MINIATURE 


For Aircraft, instruments 
and Portable Equipment 


Light weight, Polarized, 


Self-aligning with spe 
cial guide pins. Rack 
Panel or Cable mounted 
witl Hood and Cab 


strain relief. 








2/3 ACTUAL SIZE 


MANY FEATURES are covered by our Pat. No.'s 161900, 162795, 
2532538. Other Pats 
MONOBLOC* CONSTRUCTION eliminates unnecessary creepage paths 
p of moisture and dust pockets and provides 


2411861, 2466370, 2513080, 2526325, 


and reduces 


stronger molded parts. 


MOLDED MELAMINE body parts insure greater mechanical strength 


and high dielectric and arc resistance. 


PRECISION MACHINED CONTACTS are gold plated over silver for con- 
sistent electrical conductivity, prevention of corrosion and ease in 


soldering 


Connectors & components meet applicable government specifications. 


| 
| 
| 


























Types Available 


Receptacle Plug LIGHTWEIGHT Receptacle Plug 
A7S ATP AIRCRAFT SATS $A7P 
A105 A10P $A105 $A10P 
A155 AlsP SMALL $A155 SAISP 
A185 A18P 

: Polarized: Rack, Par "— sate? 

(Figures in above Code or Cable mounted—witl Pigures in 

Nos. indicate number of Ho d ri tamy * 1 Y s. ind 20 

contacts. ) Cable strain relief neta. P 


2/3 ACTUAL SIZE 


SERIES 
"HM" 


ACTUAL 
SIZE 


SERIES ""QRE" 


2/5 ACTUAL SIZE 


SERIES 


(Used with Standard 
MRE Receptacles) 


Plug 


SMRE7P-G 

SMRE14P-G 
SMRE20P-G 
SMRE26P-G 
SMRE29S-G SMRE29P-G 
SMRE34S-G SMRE34P-G 


(Other sizes to meet 
your requirements) 


Receptacle 


SMRE7S-G 

SMRE145-G 
5MRE205-G 
SMRE26S-6 


* 9 9 * 9 9 * * * 9 9 * . 





Receptacle Plug "TTL 
(Panel) (Cable) M 
CR5-25 CRS-2P 


(Standard type, pin 
contacts in plug) 
CR5-2P-R CR5-25-R 
(Reversed type, pin 
contacts in receptacle 
£20 AWG) 
218 AWG) 


(5 contacts 
J contacts 


* 9 9 9 9 9? 9 * ^ * 9 o9 


SERIES “F” 





Receptacle Plug 
MRE7S-G  MRE7P-G 
MRESS-G MRESP-G 
RE95-G MRE9P-G 
MRE12-25-G MRE12-2P-G 
MREI4S-G — MRET4P-G 
MRE18S-G MREISP-G 
MRE205-G — MRE20P.-G 
MRE21S-G — MRE?IP.-G 
MRE265-G — MRE26P-G 
E345-G — MRE3MP-G 
E41S-G MRE4IP-G 
MRESOS-G MRESOP-G 
MRE7SS-G MRE75P-G 





2/5 ACTUAL SIZE 


Write or telephone our 
Engineering Department 
for information on the 
above or other connect- 
ors—or for consultation 


Pend 


on dificult connector 
problems. Many other 
standard and special 


types available 


"Trade Mark 


West Coast Branch 


1729 WILSHIRE 
BOULEVARD 
SANTA MONICA, 
CALIFORNIA 


€ * 9 9 9 9 9 9? 9 * 9 9*9 9? 9 9" * * * * * * 9 * 


, 2 
SERIES “B DESCRIPTION Types Available 
áfa esceeeereeeseris ee eeeeeeees 
ACTUAL | MINIATURE INSERT IN | Receptacle Plug. 
SPECIAL SHELL 8125 812P 
Aluminum die-cast she Bias pur 
available in %” a 8245 824P 
l i lia. witl Standard type. pin 
net locking r quick ntacts in plug.) 
engage and diseng B12P-R B125-R 
Shells have synthet B14P-R Bl4$-R 
E WM. M B24P-R B245-R 
permit mounting re 
ceptacle in panel Reversed type, pin 
housing and special gland contacts ceptacle. ) 
s ” onstruction je 'igure Code 
SERIES SA ble ae ir g : at nber of 





HERMETIC PLUG 


Plug 
Round Hol 
í e) HM4P 
Special ¢ M ii HM5P 
gla into sj al ba HM7P 
pia pr for 
Eaa sa À Used with Standard 
- RR M4S, M58 or M7S 


M R 





ptacles 


QUICK- 








Receptacle Plug 
DISCONNECTING 
QRE6S QRE6P 
SELF-ALIGNING QRE125 QRE12P 
Spring - loaded contacts QRE185 QRET18P 
for ease in separ QRE24S QRE24P 
Self -aligr ‘ QRE345 QRE34P 
E m Y ns. ] QRE2085 QRE208P 
meget er Cs AQREI2S — AQREI2P 
Min sofíof MAQRE18S  MAQRE!8P 
Receptacle Plug 
SMIS SM1IP 
MINIATURE SM25 SM2P 
M45 map 
For Aircraft, Instruments MSS MS» 
and Portable Equipment PM6S PM6P 
EL j M7S M7? 
ae | SS M9P 
mount | M125 M12P 
and Cat M485 M48P 
N ler of 
SPECIAL CONNECTORS Receptacle Plug 
Unique de F55-G FSP-G 
the use of ix E F2S-8P-G F2P-85-G 
+ s F9S-9P-G F9P-95-G 
forr 


9 9 9 9 9 9 9 9 9? 9 9 9? 9? 9 9 9? * * * * 9 * * * 


WINCHESTER 


ELECTRONICS 


INCORPORATED 





GLENBROOK, CONNECTICUT, U.S.A. 





WINCHESTER PRODUCTS AND WINCHESTER DESIGNS ARE AVAILABLE ONLY FROM WINCHESTER ELECTRONICS, INCORPORATED 
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Warrick Liquid Level Controls 


FLOATLESS . .. ELECTRODE TYPE 


Outstanding Features 











No moving parts in the liquid. Unaffected by pressure, 


ture, acids or alkalis. 


tempera- 
No linkages, stuffing boxes or bel- 
lows. Simple, trouble- 


free, reliable 
No vacuum tubes. 






5 and positive. 
Write for 32 Page Catalog Levels controlled to close limits. Easy to install, 
e Control can be located remote Underwriters Lab- 





from liquid container. oratories listed. 


Typical Applications 


e Pump Controls 


è Duplex Pump Alternators CHARLES F. WARRICK CO. 


e High and Low Level Cutoffs o 
e High and Low Level Alarms 1961 cete Rd. 
erkley, Mich. 


è Multi-level Signals 
è Liquid Metering 




















€ Special Controls and Panels 
e Boiler Low Water Cutoffs FLOATLESS 


* Boiler Feedwoter Controls LIQUID LEVEL CONTROLS 


e Sewage Ejector Controls 


e Carbonator Pump Controls ELECTRODE TYPE 


è Cellar Drainer Pump Controls 









Here’s Why 
More and More Production 


e EASIER TO INSTALL 
e SAVES VALUABLE TIME 

e SLIPS IN FROM OUTSIDE 
e WILL NEVER SHAKE LOOSE 








If You Use Cord Connectors 
or Thinwall Connectors 
in Your Electrical Assemblies 


WRITE FOR FREE 





Tomic Sales & Engineering Co. 
TOMIC THINWALL ean TOMIC CABLE CONNECTORS | ents Sherwood Ave., Detroit 34, Michigan 

I 

l 


AND COUPLINGS 2”, X," FOR '" AND %” KO. Yo -»a rr O CONNECTOR 


| TOMIC SALES & ENGINEERING CO. | — cem 
E 20000 SHERWOOD AVE. DETROIT 34, MICHIGAN crap eii 
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E AMERICAN NA 
“RDM - 
p -- 

(s ox 
Wiss preci 


RESEARCH 


431 E. COLLOM STREET, 


PINIONS LI GEARS . SHAFTS . 
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DEVELOPMENT MANUFACTURE, 


PHILADELPHIA 44, 


Packaging high precision components in a protective capsule is an end-activity 
at RDM but it is representative of the organization—the field of operation, 
method and facilities. 


Field of Operation: Custom-made, Swiss precision components. Whether 
it be electrical, mechanical or electronic devices, RDM is ever ready to 


engineer your components . . . and then manufacture where research and 
development end. 


Method: Emphasis on the particular. Component reliability is vital to fine 
devices and can only be assured by undivided attention to the single part. 
Quality control at RDM is maintained by a continuous inspection of all 
processes . . . with the final result safely encapsuled. 


Facilities: A complete one-stop service to the manufacturer of:precision 
devices. All precision primary and secondary processes are accomplished 
under one roof. RDM alone assumes full responsibility for the dependable 
reproduction of your most exacting specifications .-. . and for delivery on 


time. Costly and time-consuming bottlenecks are eliminated when you make 
RDM part of your production line. 


That's the story of RDM in a capsule . 


. . quality, reliability, economy on 
crucially precise components. 


Our brochure is more detailed. Write. 


INC. 


PENNSYLVANIA 


PIVOTS B BEARINGS . SPECIAL SCREWS 





Need TRANSFORMERS? 


WE MAKE THE KIND YOU WANT! 


Acme Electric has been making quality transformers for thirty-six years. 
Our manufacturing facilities can provide adequate production to fill your SAFER 


requirements. Our research and engineering departments can help you MORE CONVENIENT 
design transformer components with high performance characteristics and 
long life service. The units illustrated represent but a small part of the MORE ATTRACTIVE 


complete lines of transformers we produce. Your inquiry will receive EASIER TO USE 


prompt attention. EASIER TO MAINTAIN 
EASIER TO SELL 


^ 
T dd JACO OO OUO PULO PL ILLO 
| € —_ i a 
DUI i ES . 


IL Ennn TTTEE 


| ©, POWER SUPPLY CORDS 


| UNDERWRITERS' APPROVED 
r } | «ee No. 18 SV (Neoprene Jacket) in 
ERU | 


I ~ 
| SER 


2 Conductor 
No. 18 SJO in 2, 3 and 4 Cond. 
No. 16 SJO in 2, 3 and 4 Cond. 
s j No. 14 SO in 2, 3 and 4 Cond. 
NITROGEN FILLED No. 12 so in x 3 and 4 Cond. 
ENCASED FUNGI PROOF No. 18 HSJ in 2 Cond. 
FOR AVIATION APPLICATION MILITARY TRANSFORMERS 


Furnished in 48” coiled mandrel 
lengths or, on special order, in 
combinations of coiled and straight 
sections and with tangent ends. 
Can be terminated in same man- 
ner os conventional cords. 


COMMUNICATIONS CORDS 


With Tinsel conductors for extreme 
flexibility or No. 23 A.W.G. 


SPECIAL ELECTRONIC TELEVISION stranded conductors. Stocked in 2, 
TRANSFORMERS TRANSFORMERS 3, 4 and 5 conductor. Other spe- 


cial cords available including 19 
and 37 conductor (No. 23 A.W.G.) 
shielded and unshielded cords. 
Ask us about special applications. 
Furnished in 48” coiled mandrel 
lengths or, on special order, in 
combinations of coiled and straight 
sections and with tangent ends. 


TYPICAL USES FOR 
KOILED KORDS: 


* Electronic Movable Rack 

a Mountings ® Mobile Radios * 

CONTROL STEPDOWN AND 1 Hoists * Telephones * Railway 
TRANSFORMERS VOLTAGE REGULATING Sewing Machines * Air Condi- 
TRANSFORMERS tioning Units * Dictating Machines 

* Portable Floodlights ® Machine 

Tools * Photographic Equipment 

ACME ELECTRIC CORPORATION * Drive-In Theatre Speakers & 
Heaters * Microphones * Instru- 


MAIN PLANT: 6810 Water Street . Cuba, N. Y. | Bj ments ond many others. 


West Coast Engineering Laboratories: 1375 W. Jefferson Blvd., Los Angeles, Cal. 
In Canada: Acme Electric Corp., Ltd. + 50 North Line Rd. + Toronto, Ont. 


tNCORPORATED 


Padel tor im 
| BOX K, NEW HAVEN 14, CONN. 
w 


m 


B 
| iae 
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NISL 


T e ai with a complete 
ae ! discussion of 
hermetically sealed 


TERMINUS and MULTIPLE HEADERS 


; « ENGINEERING DRAWINGS AND 
" RECOMMENDED APPLICATIONS 


E-I STANDARD TYPES — Offering a quick solution to problems 
relating to sealed terminals. Complete information on standard 
sealed leads, standard multiple headers, octal plug-in headers and 
end seals is contained in these helpful catalogs. 


W. HERMETICALLY-SEALED STANDARD MULTIPLE HEADERS 
2. HERMETICALLY-SEALED STANDARD TERMINALS 

3. SPECIAL MULTIPLE HEADERS 

44. SPECIAL PLUG-IN HEADERS 


5. COLOR-CODED TERMINALS — 6. END SEALS 


E-I SPECIAL TYPES —Where applications indicate special de- 
signs, custom seals to specifications can be supplied at economical 
prices based on mass production methods. Recommendations will be 
made without obligation on receipt of your drawings or rough 
Sketches. Please mention approximate quantities needed. 







ENGINEERS AND DESIGNERS! Request your E-I handy file folder, now. 


ELECTRICAL INDUSTRIES * INC 


44 SUMMER AVENUE, NEWARK 4, NEW JERSEY 
MANUFACTURERS OF SPECIALIZED ELECTRONIC EQUIPMENT 
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THERE'S MUCH THAT'S NEW 
IN THE FIELD OF MAGNET 


WIRE 


OUR SPECIALIZED 
EXPERIENCE 
MAY BE HELPFUL 


f, 4 ° 
SWITCHES 


for every use Í 
The basic precision snap-acting | 
switch for control of electric cir- 


cuits; solder-lug terminals. UL listed 
at 15 amp. 125 volts a-c. 


TYPE MXM-1 
Safety interlock 

I switch with auto- 
matic cheater re- 
lease". 


TYPE MXT-1-Z-131 
Today, with many new t($pes of insulation 


available . . . new standard$ and specifications 

. new test and quality control procedures ... 
Wheeler's 43 years of experiencéá as magnet wire 
manufacturing specialists may be very helpful in 
deciding the best type of wire to use for your WIRE SHEETS 
particular applications. 


Has  hinged-leaf 
actuator with ad- 
justable operating 
point. 


SEND FOR 


NEW MAGNET TYPE MX-5 


Basic switch with 


integral screw ter- 
Wheeler, as a division of The Sperry Corpora- 


tion, has developed an engineering staff excep- 


Te: ea ^ | i I = minals. i 
tionally skilled in the magnet wire needs of 5 TYPE KMXB-2EF 
precision electrical and electronic equipment 
manufacturers, with special emphasis on the 
smaller wire sizes and close control of electrical j 
specifications. Production-wise, our exceptional " 
facilities carry through from raw copper wire to : 
the finished, insulated and tested product 
under one roof and under one high standard of 
quality control every step of the way. We will be glad to | i 
send you this practical 
engineering data fold- 


In metal case, 
with plunger seal- 
ed against dust 
and moisture. 


TYPE KMXR-2EB 


In metal case, 
with roller-style 
over-travel plung- 
Your problems in Magnet Wire may safely be er. Just give usan 
entrusted to our experts . . . whether standard outline of your stand 
or special . . . and including completed coils, rd or special needs. 
transformers and other wire-wound components. 
We welcome your inquiries. 


TYPE MXR-1 
With  roller-style 
over-travel plung- 


MAGNET WIRE 
COILS 


For detailed charac- 
teristics of these and 


COMMUNICATIONS 
EQUIPMENT 


precision switches, 
write for your free 
TRANSFORMERS 2 copy of our latest cat- 


MAKES THESE PRODUCTS A peciallg stretti pugre com 


THE WHEELER INSULATED WIRE COMPANY, Inc. 


Division of The Sperry Corp. * 1121 EAST AURORA ST., WATERBURY 20, CONN. 460 WEST 34th ST., NEW YORK 1, N. Y. 
13WH53 


many more Unimax 
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PERFECT CONNECTIONS 
Bro Tine / 


with BUCHANAN pres-SURE-connectors 
TOOL for both SPLICING ond TERMINATING 


BUCHANAN'S new high efficiency precision tool 
with exclusive 4-way crimp insures wiring con- 
nections of maximum electrical and mechanical 
efficiency over an extremely broad range of 
wire sizes. 


Only 2 sizes of Splice Caps with vinyl plastic 
snap-on insulators for splicing all wire combina- 
tions from 2 #18 to 3 #8. 


Only 1 size TERMEND® Lug for terminating all wire 
sizes from #16 to #8. 


@ Write today for new catalog and see for your- 
self why more and more Buchanan pres-SURE- 
connectors are being specified and used. 


ELECTRICAL PRODUCTS CORPORATION 
Hillside, New Jersey 


Heavy-Duty ZY BUSHEND® Insulated Y 
MOLDED METALLIC } 
TERMINAL k Å CONDUIT E 


BLOCKS " BUSHINGS \ = 
WRITE FOR CATALOG B1 
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The Finest 


/ ELECTRICAL 
CONNECTOR 


MONEY CAN 


/ 
N( lNFLE X assures 
LOW MAINTENANCE BECAUSE 
IT PERMITS SIMPLICITY 


When operating conditions demand an electrical 
connector that will stand up under the most rugged 
requirements, always choose Bendix Scinflex Elec- 
trical Connectors. The insert material, an exclusive 
Bendix development, is one of our contributions to 
the electrical connector industry. The dielectric 
strength remains well above requirements within 
the temperature range of —67°F to 4-275*F. It makes 
possible a design increasing resistance to flashover 
and creepage. It withstands maximum conditions 
of current and voltage without breakdown. But 
that is only part of the story. It’s also the reason 
why they are vibration-proof and moisture-proof. 
So, naturally, it pays to specify Bendix Scinflex 
Connectors and get this extra protection. Our sales 
department will be glad to furnish complete infor- 
mation on reque st. 


* Moisture-Proof «Radio Quiet «Single Piece Inserts «e Vibration-Proof « 
Light Weight è High Insulation Resistance è High Resistance to Fuels 
and Oils « Fungus Resistant èe Easy Assembly and Disassembly e 
Fewer Parts than any other Connector * No additional solder required 


BENDIX SCINFLEX 


ELECTRICAL CONNECTORS 


SCINTILLA MAGNETO DIVISION of Bendix 
SIDNEY, NEW YORK hasiren suit 


Export Sales: Bendix International Division, 205 East 42nd St. New York 17, N. Y. 


FACTORY BRANCH S. 117 E. Providencia Ave., Burbank, Calif. * Stephenson 
Bidg., 6560 Cass Ave., Detroit 2, Michigan * Brouwer Bldg., 176 W. Wisconsin 
Avenue, Milwaukee, Wisconsin * 582 Market Street, San Francisco 4, California. 


ls4 





ROYAL ELECTRIC COMPANY, inc., PAWTUCKET, R. I. 
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TIMERS 


WILL MAKE YOUR PROCESS 


“AUTOMATIC” 









CYCL-FLEX 


MULTI-FLEX 







Through many years of 
experience in the timing 
field, Eagle has developed 
an individual timer to 
meet each individual timing 
problem. Eagle's large selection of 
timers is your best insurance of 
receiving the right timer to speed up your 
production, to reduce error, and 

deliver greater profit from your process. 
Take advantage of Eagle's experienced 
engineering department. Ask them what 
Eagle timing can do for yov. 





SEND EAGLE YOUR PROBLEM 


ox wile for bulletin 350 


FLEXOPULSE 


Product Engineering — 1954 Annual Handbook Iss 





Ay 


for every application... 


From extremely sensitive to heavy duty relays whatever the 
need . . . you'll find Signal Engineering Relays built to meet the 


severest operating conditions. 


Backed by more than a quarter-century of specialized engineering 
experience, each relay embodies design features which insure accurate, 
efficient and dependable operations to meet exacting standards of 
performance. That is why whenever performance counts 

Signal Engineering Relays are used as components by many of the 
largest manufacturers of electronic equipment and devices, and for 


ther control operations by leading industrial firms everywhere. 


Many of our relays are designed to meet Navy and military applica- 
tions without modification. Other standard relays available, or relay 
assemblies modified to fit various armed services' requirements. 


Tell us your requirements and we will gladly submit our recommenda- 
tions. 


WRITE FOR LITERATURE PE-54 


Engineering Representatives in Principal Cities 


ENGINEERING © MFG. CO. 
15¢ WEST 14™ ST. NEW YORK IL NY 
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Catalogs 
and 
Bulletins 





Request additional information using 
postcards following page 24 


(U-1) ELECTRICAL WIRES AND 
CABLES—United States Rubber Co. 
Catalog, 186 pp. Contains data on con- 
struction and operating characteristics 
for control and signal cables, railroad 
wire and cables, wire and cables for 
building industry, telephone wire and 
cables, mine cables and portable cords. 
An engineering data section is also 
included. 


(U-2) TRANSFORMER LAMINA- 
TIONS—Allegheny Ludlum Steel Co., 
Catalog EM3, 124 pp. Technical infor- 
mation and full-size drawings of all 
available standard shapes obtainable in 
a number of magnetic materials and 
a variety of thicknesses. Each lamina- 
tion provided with a weight table. 


(U-3) TRANSFORMER GUIDE— 
General Electric Co. Catalog GEA- 
1626 F, 102 pp. Contains ratings, and 
ASA accuracy classifications of indoor 
and outdoor potential and current 
transformers. Has photo of each type. 


(U-4) RELAYS AND SWITCHES 
Automatic Electric Sales Corp., Cata- 
log 4071-F, 88 pp. Describes and illus- 
trates class A, B, C, and S relays, class 
F and Z hermetically sealed relays, po- 
larized relays, oil dashpot relays, spe- 
cial purpose relays, and relay mount- 
ings. Also has a section of reference 
data. A special section discusses step- 
ping switches, solenoids, electric coun- 
ters, spark suppression apparatus, with 
a special table of characteristics of au- 
tomatic electric relays. 


(U-5) ELECTRIC POWER CON- 
TROLS—Cutler-Hammer Inc., Booklet 
M-78A, 80 pp. Many illustrations and 
complete information on: magnetic 
brakes, clutches and separators; d-c 
and a-c manual starters and regulators 
and drum controls; rheostats; a-c mag- 
netic squirrel cage controls; a-c and d« 
accessories; and other components 


(U-6) D-C SOLENOIDS — Cannon 
Electric Co., Bulletin DCS3, 72 pp. 


















D. B. FLOWER MFG. CO., 1217 SPRING GARDEN ST., PHILA. 23, PA. 
POplar 5-4224 


FLOWER 


Trode Mork 








PHILADELPHIA 


BRUSH HOLDERS 


‘For ALL TYPES OF 
MOTORS and GENERATORS 


Specify FLOWER, job-designed brush holders 
for new equipment and replacement—more 
than 1000 types available. Individual designs 
for particular applications 





INDUSTRIAL 


INDUSTRIAL 
TYPE 85 TYPE Cw 18 


FLOWER FEATURES. Cast brass body and pres- 
sure finger; special spring material and design, MPE 75 
protective finishes on iron and steel parts 
when used; amply proportioned; accurately 
machined; notched arm spring adjustment. 





PATENTED FLOWER FEATURES. Capstan stud 
spring adjustment; micro-gear spring adjust- 
ment; reversible and renewable boxes. 





WRITE FOR CATALOG AH 


MICRO ADJUSTMENT 
D. B. FLOWER MANUFACTURING COMPANY d ON TNT TYPE TB 


+ 










SPECIAL 
DOUBLE TANDEM 
SPECIAL ASSEMBLY—SK498A MINE TYPE SK 477 


HM SERIES 





TANDEM SLIP RING 


V2 CONTROLLER MILL 
CW SERIES 


D. B. FLOWER MANUFACTURING COMPANY 
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FIRST CHOICE 
Td Ld 
MINIATURE 
it tel ai 
THERMOSTATS 


QUARE 
P 1 "€ 


Lc "m -——— 


METTE SU Tes 
"T S 





FOR SAFETY OR 


OPERATING CONTROL 
APPLICATIONS 


| — t i a t 


1. Preset calibration 

2. Compact—Sturdy—Dependable 
3. Uniform performance 

4. Tamper-proof—Dust-proof 

5 


Readily applied without redesigning 
or retooling 


6. Automatically disconnects circuit at 
dangerous operating temperatures 


7. Automatically reconnects circuit at 
safe operating temperature 


8. Many installations tested in excess 
of 1,000,000 cycles 


9. Adds years of service life to frac- 
tional HP motors and appliances 


10. Standard capacities from 2 to 8 
amperes, 115 volt A.C. 


11. Lead connections optional 


Thermostats illustrated are 12. Economical 
actual size 13. Samples supplied on request 





EASY TO 
INSTALL 


The compact size of Mighty Mite Thermal 
Controls lend them to easily adapted ap- 






plication to most electrical assemblies 
Illustration shows how Mighty Mite is 







installed in sub-fractional motor stator 
Other applications include installation 
in windings, coils, close to laminations 








r wherever generated hcat becomes a 






danger point 







DUAL ACTION 
MIGHTY- MITE 


1. An accurate operating control for production 
line use. 


2. Insulated case provides maximum safety 


3. Super-sensitive to temperature varia- 
tion 


4. Dielectric rating over 1300 volts 


5. Preset calibration within 
close limits over tempera- 
ture range from 32° to 

400° F. 


Ose 


MECHANICAL INDUSTRIES PRODUCTION CO. (È ~ rih -° 


219 ASH STREET * AKRON 2, OHIO Laien alli: 


~ 








lss Product 


Shows 82 types of d-c solenoids in 5 
shell diameters and 25 different coil 
windings for intermittent and continu- 
ous duty. Has photos, dimensional 
sketches, sectional views, charts, and 
applications. Engineering data include: 
duty cycle, rated voltage, stroke, cur- 
rent drain, ambient temperature, and 
tractive force of each type. 


(U-7) RESISTORS Ward Leonard 
Electric Co., Catalog 15, 64 pp. Listed 
are seven distinct stock-type resistors, 
and a variety of made-to-order types. 
Ratings range from 50 to 550 watts, 
while resistance values listed are from 
0.04 ohm to 1.75 megohms. Full de- 
tails on terminals, mountings and en- 
closures are also given, as well as selec- 
tion and application data with numer- 
ous detail charts and useful data tables 


(U-8) ELECTRONIC COOLING 
EQUIPMENT— Rotron Mfg. Co. Inc., 
Catalog 2, 60 pp. Complete informa 
tion, specifications, operation curves, 
and other data on a line of cooling de- 
vices for electronic equipment. Covers: 
tube data, blowers; fans; heat exchang- 
ers, tube supports; controls; auxiliaries; 
and application data. Illustrations of 
all models. 


(U-9) ELECTRIC HEATERS—Gen 
eral Electric Co., Bulletin GEC-1005D, 
60 pp. Describes the Calrod equipment 
in terms of application, special features, 
installation, and pricing. It is indexed 
by process and application, and contains 
methods of determining power require 
ments and heat losses by application 
Covers: immersion; strip; cartridge, 
tubular; insertion; and fin heaters 


(U-10) ELECTRICAL PRODUCTS 
Eagle Electric Mfg Co., Catalog, 48 
pp. Contains over 1400 electrical wir- 
ing devices, lamps and speciality prod- 
ucts. Has full information on such 
products as: expansion and cord sets, 
fuses, lamps, wall plates, push buttons, 
range cord, and outlets, nichrome wire, 
and elements and staples. 


(U-11) PRECISION POTENTIO 
METERS— The Lelipot Corp., Catalog, 
{0 pp. Gives general specifications, all 
characteristics, and other engineering 
information on a line of single and 
multi-turn potentiometers, and the 
duodials. Has many illustrations and 
graphs. 


(U-12) VARIABLE RESISTORS 
Chicago Telephone Supply Corp., Cat- 
alog, 38 pp. Contains illustrations and 
descriptions of its new military and 
civilian line of composition and wire 
wound variable resistors. Rangers from 
l^ w, 34 in. dia. to 4 w, 1 17/32 in 
diameter. Contains electrical, mechan- 
ical, and other characteristics 
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Here are three models of single turn, con- 
tinuous rotation Helipots . . . each available 
from stock in a wide range of resistance 
values. All three feature the rugged depend- 
ability . . . the high degree of precision . . . 
the proven design characteristics . . . that you 
expect of every Helipot. Among their many 
features are the copper mandrel which ef- 
fectively dissipates heat . . . the spot-welded 
connections (no pressure-type connections are 
used in any Helipot model) . . . the provision 
for easy, accurate phasing on the job . . . the 
wide choice of mounting styles, number of 
ganged sections, number of additional tap 
connections, etc. And like all Helipot models, 
they are available in variations to meet your 
exact specifications. 


The visseditis dl Dies iin tle Below is a Quick-Reference-Guide to the J, L, and Y Series Helipots. 
of single turn, continuous rotation For complete information, write for Data File 1031. 
| Helipots makes them ideal for such 


uses as servo systems . . . analog 
















Model Y Series Model J Series Model L Series 





computers . - . pH indication 
and control .. . level indication and 
control . . . telemetering circuits Men | Y 
color analysis and control Range "— "m 
. navigation aids . . . radar hating 4 watts 5 watts 
indicators . . . laboratory Active 
instruments, and man) more. Your E 358° +1° 
particular requirements will Coil ” 
determine the model . . . the number Length : 
of ganged sections . . . the € en (Std.). ay af tearing. 
number and placement of tap Mounting LSP—Servo Flange, Ball Bearing 
connections . . . the style of 
mounting . . . and other Max. No. 
characteristics best suited to Sections (c) : 
your needs. Max. No. 
Tap 33 
per Section (c 


(a) Model Y Series Helipots are available in both linear and non-linear versions 
(b) Higher or lower resistance values can be furnished on special order 
(c) Sections can be ganged and tap connections added, during manufacture 


Helipot oivision 


BECKMAN INSTRUMENTS. INC 
SOUTH PASADENA, CALIFORNIA 





PLANTS IN SO. PASADENA, CALIF. AND MOUNTAINSIDE, N. J REPRESENTATIVES IN PRINCIPAL CITIES 
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D 
WELL insulated wire 





Jo 





Your choice of a source of supply for 
Y ^ insulated wires, will very likely be de- 
termined by the ability of the manufac- 
turer to give you a good quality prod- 
uct at a fair and equitable price. More 
important than this, you will want to 


know that you can rely on the manu- 





facturer you select to stand behind his 
claims for his products, and to give you that extra measure of atten- 
tion and service that comes only from a personal interest in your 
needs and requirements. 

This is why here at Lowell we are sincerely concerned with our 


responsibility towards the accounts we serve. 


LOOK TO LOWELL INSULATED WIRE 


for prompt deliveries and good service 


NEOPRENE TELEPHONE 
DROP WIRE 


| 


MACHINE TOOL WIRES 


PORTABLE AND SPECIAL WIRES 
FLEXIBLE CORD AND CORDS 


| O 

















o EE g 
OWELL INSULATED WIRE DIVISION 
c , OF Vie (he lakes oxporation 


171 LINCOLN STREET --* LOWELL, MASSACHUSETTS 


(U-13) ELECTRICAL RESISTANCE 
INSTRUMENTS—Tech Laboratories. 
Catalog, 38 pp. Specifications and other 
data on a line of precision electrical 
resistance instruments and electronic 
devices. Covered are: attenuators; 
potentiometers; portable gain set; dec- 
ade units; viscosity meter; automatic 
timer megohmbridge; decade boxes, 
and others. 


(U-14) ELECTRONIC COMPON- 
ENTS—Centralab, Catalog 28, 32 pp. 
Covers a complete line of volume con- 
trols; switches, capacitors, printed elec- 
tronic circuits; and steatite insulators. 
Each topic has illustrations, engineering 
diagrams, curves, and complete speci- 


fications on the various models avail- 
able. 


(U-15) ELECTRONIC INSTRU- 
MENTATION — Berkeley Scientific 
Div. Booklet, 32 pp. Contains a de- 
scription of electronic instruments pro- 
viding direct-reading digital presenta- 
tion of information and their principal 
industrial applications. Covers high- 
speed counting, counting plus control, 
precise interval timing, rpm measure- 
ment, pressure temperature, flow, fre- 
quency, and others. 


(U-16) LOW VOLTAGE SWITCH- 
GEAR—General Electric Co., Bulletins 
GEA-5915, and 5916, 32 pp. Has 
many illustrations of a line of low- 
voltage drawout switchgear, 600v a-c 
and below, with standardized compart- 
ment construction and new air circuit 
breakers. Continuous current ratings 
range from 15 to 400 amps. 


(U-17) ELECTRICAL INSULA- 
TIONS—Johns-Manville Co., Booklet 
EL-40A, 32 pp. Complete information 
about electrical insulations made of 
purified asbestos, why they were de- 
veloped, what their characteristics are, 
and where they may be used to ad- 
vantage, Tables give test data on 
physical and electrical properties. 


(U-18) ELECTRIC & ELECTRONIC 
COMPONENTS--The Sealtron Co., 
Catalog S-53, 32 pp. Has photos, dia- 
grams, and data covering 1,600 stock 
seals and special assemblies. Also shows 
line of electronic and electrical control 
systems, test equipment, components, 
and communications equipment. Has 
line drawings and specifications. for 
each component. 


(U-19) THERMOSTATIC BI- 
METAL—W. M. Chace Co., Brooklyn, 
32 pp. Entitled “Successful Applica- 
tions of Thermostatic Bi-Metal’’, it has 
a summary on thermostatic bi-metal 
and contains 18 uses of bi-metal as an 
actuating element in temperature re- 
sponsive devices, and condensed en- 
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L aeneo a 


BUSINESS EXECUTIVES 





CHECK THESE QUESTIONS 





If you can answer “yes” to most of them, you—and your company— 
are doing a needed job for the National Blood Program. 


HAVE YOU GIVEN YOUR EM 
PLOYEES TIME OFF TO MAKE 
BLOOD DONATIONS 


HAS YOUR COMPANY GIVEN 
ANY RECOGNITION TO 
DONORS? 


DO YOU HAVE A BLOOD 
DONOR HONOR ROLLIN YOUR 
COMPANY 


HAVE YOU ARRANGED TO HAVE 
A BLOODMOBILE MAKE REGU 
LAR VISITS? 


HAS YOUR MANAGEMENT EN- 
DORSED THE LOCAL BLOOD 
DONOR PROGRAM? 


HAVE YOU INFORMED EM- 
PLOYEES OF YOUR COMPANY'S 
PLAN OF CO-OPERATION? 


WAS THIS INFORMATION 
GIVEN THROUGH PLANT BUL 
LETIN OR HOUSE MAGAZINE? 


HAVE YOU CONDUCTED A 
DONOR PLEDGE CAMPAIGN IN 
YOUR COMPANY? 


(ee wx 


thig 
man 
has 





Wer 
in his veins | 


Of course he’d never volunteer to give blood, 
anyway. But any resemblance of this old duffer 
to the average, red-blooded American is a 
mistake. 


For instance, several million healthy Ameri- 
cans have given blood. But it’s not enough. 


So this is to tell several million more Americans 
that their blood is needed—now! 


We've never let anyone down who was in 
trouble. When a GI gets wounded and suffers 
shock—he's in bad trouble. He's got to have 
blood and lots of it! Folks here at home need 
blood too—to save their lives. 


So make a date with your Red Cross, Armed 
Forces or Community Blood Donor Center. 
One hour and you're on your way. 



















CIENT PLANS CAN BE MADE 


HAVE YOU SET UP A LIST OF 
Os SO THAT EFFI 
FOR SCHEDULING DONORS 







Remember, as long as a single pint of blood may mean the difference 
between life and death for any American . . the need for blood is urgent! 





—ÁS 


VUVVVV 
6000950 





GIVE 
BLOOD 


..give it again and again 


NATIONAL BLOOD PROGRAM A 
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Standard 







AN ECONOMICAL INVESTMENT IN 
LONG-LIFE PERFORMANCE AND 
EXTREME ACCURACY. RUGGED, FOR 
HEAVY-DUTY SERVICE: FLEXIBLE IN 
APPLICATION. 


Scale 
ee a Mi iia | 


| 

| 
te -D 
| 6000 sec. | NT. 
i a 


d min 1 sec 


Accuracy 


e | SA 
TT min. | "T min | 002 min 
MEME LS 
10 sec | 1000 sec. | 02 sec 


—— 


1 1000 min 10 min | dii min ‘ 


— — S 


[1 100 sec. | 60 sec 01 Tita 


| 1 1000 sec .360 sec i-.001 sec 
MST- 1 1000 s sec 30 sec + 002 sec 


| 
[| 





The clutch coil can be connected directly in the plate circuit of 
electronic tubes. For this use the coil has a resistance of 2000 ohms 
and requires 50 to 60 milliamperes. When ordering for this mee 
always specify 120V DC clutch coil. Write for Bulletin 198. ; 


™ Standard Electric Time Lo. 


123 Logan Street KT m Springfield, Mass. 


"Ou-o4"D 1884 


Shock-absorbing bumpers cushion 
stroke, assure longer service life. 


Silicon steel laminations give high 
efficiency 


Tempered steel spring absorbs vi- 
bration — holds assembly firmly 
in alignment. 


Hardened beryllium-copper plun- 
ger guide reduces friction and 
wear. 


TERU TOROA 


Heavy Formvar insulated magnet 
wire on high flow point molded 
nylon bobbin. 


e! INDUSTRIAL 
SECO 55 


Built better for longer service. Four to twenty pounds—push 








Shock mounted to reduce self- or pull. 
destruction. Stroke to one inch maximum. 
Designed to meet J. I. C. spec- A. C. or D. C. models. 
ifications. 


Special solenoid problems engineered to your needs. 


DETROIT COIL COMPANY 


2435 HILTON ROAD «+ DETROIT 20, (FERNDALE) MICHIGAN 
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gineering data for bi-metal element de- 
sign and selection. It is illustrated with 
various types of thermostatic devices. 


(U-20) SOLENOIDS — Trombetta 
Solenoid Corp., Bulletin, 32 pp. Data 
on a line of explosion-proof solenoids; 
oil-immersed solenoids; solenoid oper- 
ated shoe brakes; solenoid operated 
disk brakes; recipromotors; and se- 
motors. Push and pull types for all 
voltages and frequencies, a-c or d.c; 
push and pull characteristics are the 
same for all frequencies from 25 to 65 
cycles. Has complete characteristics, en- 
gineering drawings, and operational 
curves 


(U-21) MICA DIELECTRIC CA 
PACITORS The Sprague Electric 
Co., Catalog 31, 32 pp. Comprehen- 
sive data on a line of transmitter-type 
mica dielectric capacitors conforming 
with Joint Army-Navy specification 
JAN-C-5. Has illustrations, engineer- 
ing drawings, and technical character- 
istics of each unit. 


(U-22) KEY SWITCHES AND 
CONTROL COMPONENTS—Auto- 
matic Electric Sales Corp., Catalog 
í018-C, 28 pages. Gives complete spe 
cifications on key switches, lever key, 
turn key, push key and limit switches, 
lamps, jacks, caps and plugs, terminals 
and cords, target indicators, impulsing 
devices, adjusting tools and rectifiers 
and fuses, illustrations, engineering 
diagrams and popular assemblies are 
given for each item. 


(U-23) ELECTRONIC  TRANS- 
FORMERS—Triad Transformer Mfg 
Co., Cat alog TR-52, 28 pp Discusses 
all types of hermetically sealed series 
transformers, minature audio trans- 
formers, toroids for wave filters, high 
fidelity transformers and amplifier kits, 
geop shysical transformers, power com- 
ponents and power transformers. Also 
has a section on television and audio 
components. Each model is illustrated 
with spe ifications given for each 


(U-24) SELENIUM RESTIFIER 
STACKS General Electric, GET- 
2350, 28 pp. Describes the basic char- 
cteristics and the applications of selen- 
ium rectifier stacks. Has charts, graphs, 
and tables illustrating the principles of 
rectification, and the characteristics, 
manufacture, circuit design, and ap- 
plication of selenium rectifiers 


(U-25) SOLENOIDS, COILS, 
TRANSFORMERS — Dormeyer In- 
dustries, Catalog 20, 20 pp. Illustrates 
various sized solenoids, with engineer- 
ing drawings and performance curves 
of each. Lists applications. Illustrates a 
variety of coils, with paper section, 
form wound, and bobbin wound types 


Product Engineering — 1954 Annual Handbook 


<+ 





c [a gives you a complete variety of 


sizes and types of Synchros and Servo Motors 


WHATEVER THE NEED 
CHOOSE KETAY! 


Available as listed 


K ETAY offers high precision rotary and instrument components 


for most every need in the Armed Forces and Industry. As 


1. SYNCHRO, Size 16, O.D. 1.537”, 115 V, 400 Cycles the world’s largest producer of government approved synchros, 
EE e Ketay stands ready to solve blems with a complete 
4. INDUCTION MOTOR, O.D. 1.750", 3 phase 2 Pole, etay stands ready to solve your problems with a complet: 
115 V, 60 Cycles line of synchros, servos, magnetic amplifiers, computers 
3. SYNCHRO, Size 18, O.D. 1.750", 115 V, 400 and scd us ndi ad 
60 Cycles ( Transmitter, Receiver, Diferentisl, and control systems. 
Control Transformer ) 


SERVO MOTOR, O.D. .937", 26V, 400 Cycles 


If you are searching for a specific size or type... if availability 


5, SYNCHRO, O.D. 1.437", 1.1 V and 26 V, 400 Cycles is a problem...if engineering counsel is needed... 
Transmitter, Receiver, Resolver, Diferential. , $ t UN 3 x 
Control Transformer) Ketay can help. Why not join us for an exploratory discussion 
ee a ce of your particular problem. Write today to Dept. R. 
. SYNCHRO, Type IF or 1HC, O.D. 2.250" 115 V, 
60 Cycles ( Receiver, Transmitter) 
. SYNCHRO, Size 31, O.D 3.10", 115 V 400 and 60 
Cycles (Transmitter, Receiver, Diferential, 
Control Transformer) 
9, SYNCHRO, Size 23, 0.D. 2.250”, 26 V and 115 V 400 c (t 
& 60 Cycles ( Transmitter, eiver, Resolver, MANUFACTURING CORP. 
Differential, Control Transformer) 













SYNCHRO, O.D. .937’ V, 400 Cycles 

10. (Transmitter, Re er, Resolver, Differential, E inc xc 
Control Transformer ) 

LINEAR TYPE CONTROL TRANSFORMER, O.D. n 
11. 1.625”. 26 V. 400 Cycles Executive Offices West Coast Sales 
12. SYNCHRO, Size 11, O.D. 1.062", 26 V and 115 V, 555 Broadway a 12833 Simms Avenve 

100 Cycles ( Transmitter iver, Resolver, New York 12, N. Y. Hawthorne, California 

Differential, Control Transformer) — 

13. SERVO MOTOR, O.D. 1.062", 115 V, 400 Cycles G 
14. SYNCHRO, Size 15, O.D. 1.437", 26 V and 115 V, DEVELOPMENT 

100 Cycles (Transmitter, Receiver, Resolver, MANUFACTURE ...of precision instruments components, systems, 

Differential, Control Transformer) 
15. SYNCHRO, Size 19, O.D. 1.90", 115 V, 400 Cycles Kinetix Instrument Division e Marine Division e Pacific Division e 
(Transmitter, Receiver, Control Transformer) New York Division e Research & Development Division 
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Problem: The Advance Electric and Relay 
Co. of Burbank, California was called 
upon by the military to produce a her- 
metically sealed relay to very tight size 
and weight specifications. This called for 
eliminating traditional internal bracing. 


Solution: A Fusite glass-to-steel plug-in type 
hermetic terminal played a large part in the 
design of the Advance “Tiny Mite” Relay. 
Working in close cooperation, Fusite adapted 
its standard octal plug-in terminal to a projec- 
tion welded bracket on which the entire relay 
mechanism was hung. Thus the terminal be- 
came a structural part as well as a seal. 


Because of their extreme rugged construction, 
Fusite terminals are often being called on to 
do more than conduct electricity in and out 
of sealed units. 





y 


= - 


Moral: When you have a problem in hermetic 
sealing, let the Fusite engineers in on it 
early in the game. Chances are we can 
save you time and money in the design 
of your electrical product. 


WRITE for catalog or tell us your needs 
for actual samples Dept. P-1. 







ANN 
WITE  FUSITE conrouncs 


6000 FERNVIEW AVENUE 
CINCINNATI 13, OHIO 


194 





ANCHORED-FOR-PERMANENCY 


STRAIN RELIEFS 


Wherever exterior cables or cord conductors are used to 
provide the power source, Gripmaster Strain Reliefs 
offer positive proof against cable failure. These inex- 
pensive, easy to install safeguards securely anchor the 
cord at entry point and prevent loosening at the termi- 
nals. Withstand pulls to 100 lbs.; Underwriters accepted. 


3 types, many sizes, to fit any cord or cable connection. 








A low cost strain relief easily ap- 
plied to the end of a cable or con- 
ductor with a pair of special pliers 

| Made in one piece and available 
in five sizes. Sturdy wing end con- 
struction permits cable to be firmly 
anchored and protects terminals 

á against loosening. 


GRIPMASTER CLICKON TYPE 


All fibre, this type is designed to re- 
duce failures and protect the useful 
life of power cables and cords on 
electrical appliances and machines. 
Clicks on, locks in position. Tight grip 
absorbs cord pull and prevents un- 
ravelling of insulation. 7 sizes. 
















For all types of cord equipped elec- 
trical equipment. Particularly svited 
to volume production. May be ap- 
plied by meons of a special hand 
tool or foot pedal—operation 
bench unit. Forms a neat, compact 
ring around cable. Available in 7 
* different sizes 


5b, 


WIRE BINDING SLEEVES 
For prevention of fraying of 
cord ends. Speciolly treated 
rubber tubes available in 
five sizes to fit wires to .790 


GEORGE WALKER COMPANY 





EXCLUSIVE MANUFACTURERS OF GRIPMASTER STRAIN RELIEF 


18 AMSTERDAM AVENUE PASSAIC, NEW JERSEY 
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available. Transformers range in size 
from one V.A. to 3 K.V.A. for every 
purpose 


(U-26) PRECISION SWITCHES 
Micro, Catalog 82, 24 pp. 
safety, limit, and interlock switches for 
switching a-c circuits in industrial and 
commercial applications. Also includes: 
mechanical and electrical characteristics 
and capacities, and other information 
on; heavy duty precision limit switches, 
metal housed switches, and other sealed 


Covers 


switc he S 
(U-27) ELECTRICAL LAMINA- 
TIONS Thomas & Skinner Steel 


Products Co., Bulletin L-752, 24 pp 
Gives advanced techniques, general 
specifications, material applications, 
and comparison of the typical proper- 
thin steel laminations of iron- 
silicon alloys. Has many graphs of 
electrical characteristics, and lamination 
drawings and dimensions 


ties ol 


(U-28) RELAYS- Sterling Engineer- 
ing Co. Inc., Catalog 53, 24 pp. Has 
illustration, operational 
data, and specifications for: long and 
short coil telephone types; 3 miniature 
types; a two coil variation of the long 
telephone type; a-c multi-contact types; 


description, 


and sealed and plug-in units. List 
standard wiring diagrams and coil 
types 

(U-29) RESISTORS, RHEOSTATS 


Ohmite Mfg. Co., Catalog 24, 20 pp. 
Illustrates and provides complete data, 
including sizes and prices on vitreous- 
enameled rheostats, composition poten- 
tiometers and resistors, wire-wound 
resistors, tap switches, radio frequency 
plate chokes, and power line chokes 
Additional information on other prod- 
ucts 


(U-30) INDEX OF LITERATURE 

Minneapolis-Honeywell Regulator 
Co., Bulletin 100-A, 20 pp. Consists of 
both a numerical listing and an alpha- 
betical cross index for specification 
instrumentation data sheets, 
catalogs, and other literature. Included 
are articles from “Instrumentation, 
the quarterly publication 


sheets, 


(U-31) MAGAMP REGULATOR 
Westinghouse Electric Corp., Book- 
let B-5468, 19 pp. Discusses the use 
of these regulators for various control 
roblems in steel mills. Used for am 
plifying voltage and current, it con 
sists of an iron core, with an a-c output 
winding and one or more d-c control 
windings. Also discusses all character 


istics of the regulator. Has many il 


lustrations 


(U-32) SERVO COMPONENTS - 
Industrial Control Co. Booklet, 18 pp 


hast ron 


RUGGEDIZED and HERMETICALLY SEALED 


RES 


phas stron 
*06990:100 


VA", 2:4", 





panel meters 


and null indicators 


3'A" and 44" sizes. 


Built to JAN-I-6 and MIL-R-10304 specifications, these 
meters incorporate aged Alnico magnets, R.F. shield- 
ing, shock mounted jewels, glass-to-metal HERMETIC 
SEALS and RUGGEDIZED, shock mounted construction. 


Manufactured in an air-conditioned, temperature-controlled plant, these 


Environment Free instruments are available 


pha@st ron 


HERMETICALLY SEALED 


4 to 2 watts HERMETICALLY SEALED in glass (the 
CA-H pictured here) and in a Specification Series 
(the CA-4R) which exceeds MIL-R-10509 spec. for 
fixed, accurate resistors. 


For equipment subject to extremes of temperature, 
for high frequency applications and for closely 
matched units, these conservatively rated resistors 
provide the utmost in stability, precision and de- 


in A.C. and D.C. models. 


"CARB-OHMS" 


deposited carbon resistors 


pendobility. 





100% inspection on each “CARB-OHM" assures conformance to specifications and ratings. 


phaCst FON SENSITIVE MINIATURE RELAYS 


HERMETICALLY SEALED 


ett 





BEST BY ANY COMPARISON 


perfectly counter-balanced armature 


Contact arrangements up to and including D.P. D.T. 
3 amp at 28 volts D.C., or 100 milliamperes at 150 
volts D.C. resistive load. 


This miniature HERMETICALLY SEALED relay is de- 
signed to operate thru wide ranges of environment 
including the shock requirements of MIL-E-5400. it 
will withstand 50 G's acceleration withou! 


tioning and its use is recommended wherever ex- 


malfunc- 


tremes of shock, temperature and severe vibration 
are encountered. 


Required coil power as low as 20 milliwatts. 
Coil resistance up to 15,000 ohms. 
Weight, max. 3.0 oz. 





ENVIRONMENT? FREE 
ELECTRICAL FQUIPMENT by 


sedi 
ono E Ra. a M 


PHAOSTRON COMPANY + 151 PASADENA AVE. « SOUTH PASADENA. CALIF 
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Type Capacitance Inner 
Low Temp Zo Per Foot Db /100 Conductor Braid Jacket 
Bik. Jacket Impedance Micro-Micro Freq./Mc Strands + x 
Std. Jacket Ohms Farads 100 (Max.) E 

RG-5/U RG-5B/U 53.5 28.5 2.9 cl C264 v339 
RG-6/U RG-6A/U 76 20 2.9 CW1 CS264 NCV339 
RG-7/U 100 12.5 2.4 CI C304 V379 
RG-8/U RG-8A/U 52 29.5 2.1 C7/ #21 C340 V415 
RG-9A/U RG-9B/ U 52 30 2.3 CS7 z21 CS355 NCV430 
RG-10/U1T1 RG-10A/U 52 29.5 2.1 C7 / 3: 21 C340 NCV475 
RG-11/U RG-11A/U 75 20.5 2.15 17/# 26 C340 V415 
RG-12/U74 RG-12A/U 75 20.5 2.15 17/326 C340 NCV475 
RG-13/U RG-13A/U 74 20.5 2.15 T7 / 3f 26 C355 V430 
RG-14/U RG-14A/U 52 29.5 1.5 CI C463 NCV558 
RG-15U 76 20 1.5 
RG-17/U RG-17A/U 52 29.5 95 CI C760 NCV885 
RG-18/UT1 RG-18A/U 52 29.5 95 Cl C760 NCV945 
RG-19U RG-19A/U 52 29.5 69 CI C990 NCV1135 
RG-20/Ut1 RG-20A /U 52 29.5 .69 CI C990 NCV1195 
RG-21/U RG-21A/U 5 29.5 14.0 Res CS264 NCV339 
RG-22/U RG-22B/U 95 16 4.4 7/0.0152 1340 V415 
RG-22A/U 95 16 4.0 *C7/0.0152 1345 NCV426 
RG-23/U RG-23A/U 125 12 1.7 *C7/ #21 C830x440 V960x670 
RG-24/Ut1 125 12 17 *C7/ d£21 C830x440 1034x735 
RG-29/U 53.5 28.5 5.3 CI C176 PE206 
RG-34/U RG-34A/U 71 21.5 1.32 C7/#21 C540 V645 
RG-35/Ut1 RG-35A /U 7] 21.5 90 CI C760 NCV945 
RG-54A /U 58 26.5 3.1 C7/0.0152° 1220 PE250 
RG-55/U 53.5 28.5 4.8 CI C150 PEI84 
RG-57/U RG-57A/U 95 17 3.0 2/1 223 T540 V640 
RG-58/U RG-58B/U 53.5 28.5 5.3 Cl T150 v 200 
RG-58A/U RG-58C/U 52 28.5 6.2 C191 Vv250 
RG-59/U RG-59A /U 73 2! 4.0 cwl C191 v250 
RG-62/U RG-62A/U 93 13.5 2.7 cwl C340 V415 
RG-63/U RG-63B/U 125 10.0 2.0 cwl C340 V415 
RG-65/U RG-65A/U 950 44 CI T198 PE238 
RG-71/U 93 13.5 2.7 cwl C463 NCV605 
RG-74/U74 G-74A/U 52 29 1.5 CI C340 NCV475 
RG-79U11 125 10 2.0 CW]1 C340 NCV475 
RG-79B/UTT 125 10 2.0 CW1 C340 NCV475 
RG-86/U 200 7.8 .56 *C7/ 3: 21 
RG-108/U 76 2 *77/0.0126" T177 V240 
RG-111/UTT 95 16 4.0 *C7/0.0152" T345 NCV490 
FTR TYPES 
K14 72 21 .90 CI C760 NCV885 
K38 72 22 4.0 *C7/ #30 C200 v250 
KT107 72 22 6.1 *C7/0.012 C191 NCV250 
K109 160 8.3 8.0 Bl T232 V282 
K109A 
K111 300 4.2 3.4 *Bl C435x235 V490x290 
K113 34 39 4.5 141/334 C150 v200 
K115 
K200 
K1201 Phos. B7/0.0254” PE185 


C — Copper, T—Tinned Copper, S— Silver Plote Copper, B— Bronze, OD in mils. 
V—Vinyl, PE —Polyethyline, NCV— Non-contaminating Vinyl, OD in mils 
A See information in Column to right under RG Type Cables 

Armored 


-je 


2 Inner Conductors 
@ Inner Conductor Strands column indicates material by same abbreviation as 
CW — copperweld. 


FOR COMPLETE DATA 


Write for Federal's Catalog on HF Cables. An informative guide to 
characteristics and applications of the industry's most comprehensive 
line of high quality HF Cables. Address Dept. D-6122. 






HIGH-FREQUENCY CABLES 


its Federal for... EVERY H-F TRANSMISSION LINE REQUIREMENT 


An Original Development 
by Federal 


RG TYPE 
CABLES 


WITH THE NEW 
LOW-TEMPERATURE 
NON-CONTAMINATING 
THERMOPLASTIC JACKET 


Two types of jackets are used by Fed- 
eral for its standard coaxial cables. The 
first is Poly Vinyl Chloride, a rugged 
material capable of standing the tests 
of time and temperature. This jacket ma- 
terial is contaminating; that is, the mi- 
gration of the plasticizer through the 
braid into the dielectric results in some 
loss of dielectric strength and increase of 
attenuation after long use. 

The second is a non-contaminating 
vinyl which has all the properties of 
Poly Vinyl Chloride but will not contam- 
inate the dielectric at temperatures 
above —25 degrees C. 

Federal engineers discovered that 
under certain severe operating condi- 
tions (below —25 degrees C) the second 
type of vinyl jacket would not withstand 
the low temperature. To eliminate con- 
tamination and solve the cable indus- 
try's problem of meeting cold bend 
requirements of the military services, 
Federa! developed a new low-tempera- 
ture, non-contaminating thermoplastic 
jacket—meeting all requirements of the 
"Exceptions to Specifications JAN-C- 
17A" (dated March 21, 1949, and 
amendment thereto dated January 9, 
1950). 

JAN-C-17A requires conditioning of 
the cable at —40 degrees C for 20 
hours. It is wrapped around a mandrel 
10 times the diameter of the cable. The 
cable is heat-aged for two weeks at 
+80 degrees C. It is then conditioned 
again at —35 degrees C for 20 hours, 
and another cold bend test applied. At 
no time during the bend tests can frac- 
tures or cracks appear on either the 
jacket or the dielectric. 

The new RG types are outstanding for 
their longer service life under the most 
adverse conditions. Their non-contamin- 
ating feature means there is no reduc- 
tion in dielectric strength due to molec- 
ular migration. They are a primary 
example of Federal leadership in the 
development and production of top- 
quality H-F coaxial cables. 


@) Federal Telephone and Radio Company 


47:7 ; In Canada: Federal Electric Manufacturin 
g Company, Ltd., Montreal, P. Q 
— 100 KINGSLAND ROAD, CLIFTON, NEW JERSEY Export Distributors: International Standard Electric Corp., 67 Broad St., N.Y 
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The revolutionary circuit elements that have 
led the way to important design advances in 
TELEVISION & RADIO RECEIVERS & ELECTRONIC EQUIPMENT 


Wherever DC power is required there is a Federal Radio-TV Selenium Rectifier to do the job . . . 
and do it with an efficiency and reliability that is backed by the outstanding reputation of Fed- 


eral—America’s first and largest manufacturer of Selenium Rectifiers. € 































Min. Peak 
Max. Ser. Inverse Peak AConstruction 








@F ederal Output Max. Input (RMS) Res. Volts Current and ea 

Cat. No. MA-DC Volts MA Ohms (Max.) (Max.) Nom. Cell Size Application 
1159 20 130 54 50 380 200  *4" Dia. (T) B * Booster; Bias 
1263A 65 130 175 22 380 650 11/16" Square (E) B + Radio, UHF Converter 
1002A 65 130 175 22 380 650 1” Sq. (E) B + AC-DC (5 tube) 
1003A 75 130 200 22 380 750 1” Sq. (E) B + 3-wey Radios 
1101A 100 130 270 22 380 1000 1” Sq. (E) B + Radios, Television S 
1004A 100 130 270 22 380 1000  1'4" Sq. (E) B * Radios, Television 
1005A 150 130 410 15 380 1500 1%” Są. (E) B + Radios, Television 
1006A 200 130 540 5 380 2000  1-17/32" Sq. (E) B * Television 
1010 250 130 615 5 380 2500  1-17/32" Sq. (S) B * Television 
1028A 250 130 675 5 380 2500  1-17/32" Sq. (E) B * Booster; Bias 
1087A 275 130 740 5 380 2750  1-17;32" Sq. (E) B * Television 
1090A 300 130 810 5 380 3000  1-17/32" Sq. (S) B * Television 
1023A 350 130 945 5 380 3500 1%” Sq. (S) B + Television 
1130A 400 130 1080 5 380 4000 2” Sq. (S) B + Television 
1021A 450 130 1200 5 380 4500 2” Sq. (S) B + Television 
1200A 600 130 1600 5 380 6000 2%” Sa. (S) B + Television 
1202 600 195 1600 5 570 6000 2%” Sq. B + Color TV 
1229 750 195 2000 5 570 7500 2%” Są. (S) B + Color TV 
1014A 100 160 270 22 460 1000 1%” Sq. (E) Vibrator 
1022A 450 160 1200 5 460 4500 2” Sq. (S) B + Television 
1233 20 260 54 50 740 200 3” Diam. (T) B + Booster 
1007A 75 160* 200 22 460 750 1” Sq. (S) Vibrator Doubler 
1008A 100 160* 270 22 460 1000  1'4" Sq. (S) Vibrator Doubler 
1009A 200 160* 540 5 460 2000  1-17/32" Sq. (S) Vibrator Doubler 
1015 150 25 175 we 35 750 1” Są. (E) Bridge Rectifier 
1016 300 25 350 ee 35 1500 1%” Sq. (E) Bridge Rectifier 
1017 600 25 700 oe 35 3000  1-17./32" Sq. (E) Bridge Rectifier 
1013 360 91 e Pi vedi bika 1-17/32" Sq. (E) Battery Charger 


1018 1600 261 eats ii "mv es 44” lg. (Mtg. Pit.) Battery Charger 
ei b Bias Rectifier 











A(E) Eyelet. (S) Stud. (T) Paper Tube. 














*These rectifiers have two sections—characteristics given apply to one FEDERAL'S 
section only; if both sections are used in series, voltage input is 320 a D 
volts Radio-TV Selenium 
The characteristics given for this rectifier are based on its use in a Federal Rectifier 

half-wave rectifier circuit with a 3-cell battery load ctifier Handbook 
{The characteristics given for this rectifier are based on its use in a full- Handbook] 80 pages of valuable de 


wave rectifier circuit with a 3-cell battery load. 
€ 'A' after code number indicates locking lug. 


HIGH VOLTAGE 
SELENIUM RECTIFIERS 


signs, characteristics and 
applications Available for 
50 cents (coin only). 





FOR COMPLETE DATA: Write for Federal’s Data Booklet on 
Selenium Rectifiers. An informative guide to characteristics and 
applications of the industry's most comprehensive line of high 
quality rectifiers. Address Dept. F-6122 





— 





HERMETICALLY SEALED GLASS ENCLOSED PLASTIC ENCLOSED | 


FIBRE ENCLOSED Cm 


The FEDERAL System of 
ENCAPSULATION 


An entirely new approach to equipment 
design, particularly where unusual condi. 












tions necessitate specia! applications 

Federal DC Output AC Input 
Code Number Voltage MA-DC Voltage Voltage p — of í— wai 
ors, resistors, etc. — interconnected - 
 147H11001 1400 8 4000 1400 into single blocks of equipment. Such 
147H 8201 1050 - 3000 1050 assembly facilitates replacement of in 
147H 55Q1 700 8 2000 700 dividual or groups of components with- 
147H 92801 350 8 1000 350 out necessity of time-consuming repairs 


Assures excellent thermal shock characteristics and resistance to vibra 
tion and cracking of sealed unit over wide temperature range. Embed 
ments withstand to —65° C, as well as to plus 125° C. For complet 


SELENIUM RECTIFIERS details write for Bulletin F-534. 


FOR INDUSTRIAL SERVICE FROM AC TO DC 
aa a acid FEDERAL CONTACT PROTECTOR 


The Federal Contact Protector permits a rise but not high enough to 
cause arcing; then the voltage decays to correct line voltage ts fea 
tures include 








Low-cost power conversion 
efficient, dependable gaf 
from a-c to d-c. Intro- ` 
ducing new, broad range 


——— — — 





adaptability in diverse l. Suppresses contact arcing 6. Needs no attention 

fields, conditions and appli- 2. Extends Contact Life by more than 7. is easily installed 

cations. They obtain direct 100 times 

current from any alternat- 3. Reduces circuit failure due to con 8. Requires little space 

ing current source. They are tact erosion (locking, surging, etc 9. Is low in cost 

small, light, easy to install Minimizes RF Interference 10. Available as hermetically 
They meet all needs of an 5. Has negligible effect on speed of sealed unit to meet all JAN 
unattended service. operation of circuit specifications 
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ASCO DC Solenoid — Tap- 
ered core, tapered stub, 
pull type. Pull strength — 
1% to 11 pounds. 








ASCO AC Magneti- 
cally Held Relay, 10 
Pole, 10 Amperes, 
Double - Throw; for 
AC Non-Inductive 
Load. 


basically better on 


EPOXY-RESIN onion 


High Bond 
nate 


















of metal to lami 





Strength 


@ High Mechanical Strength 

@ Will Not Delaminate or separate from 
metal in dip soldering 

@ Punches, Drilis, Machines cleanly and 
easily 

@ Low Absorption of moisture preserves 
excellent electricai properties under high 
humidity 

e Copper-clad on one or both sides, ready 
for your etching; or 

@ Unclad, ready for your plating or print 


ing 

€ Sheets 1/32” through 1%” thick, 24 
x 36 

€ Epogias was the basis of this component 
of Reeves Instrument Corporation's 


REAC®, made by Photocircuits, Inc 
Glen Cove, New York. Photo courtesy 
Reeves Instrument Corp 


PLASIILIGHT — suse 


|a 42007 058A T 8 5. — 









ASCO Automatic 
Transfer Switch with 
circuit breaker con- 
struction. One arc 
removed to 
show large arc break 
distance, 
arcing and main 
contacts, 
powerful 
blowouts. 


magnetic 





ETCHED— PLATED — PRINTED 
CIRCUITS 


PLASIILIGHT 


LAMINATES 








489 CANAL STREET 

























ASTA 


ELECTROMAGNETIC CONTROLS 
including 


Automatic Transfer Switches . . . AC ond DC; Electrically Operated, 
Mechanically or Magnetically Held; Open or Enclosed; Up to 1000 Amperes 


separate 
and 


Remote Control Switches . . ..AC and DC; Electrically Operated, 
Mechanically Held; Open or Enclosed; Up to 1000 Amperes; 750 Volts 


Solenoids . . . Engineered for your application to insure trouble-free 
performance. Many types—AC and DC. Important— ASCO DC Sole- 


Typical ASCO Remote Con- noids are designed for direct current; they are not converted AC units 


trol switch for controlling 
light ond power from re- 
mote points. 


Relays . . . AC and DC; Single and Double-Throw; Electrically 
Operated, Mechanically Held; Open or Enclosed; Multi-Pole (Up 
to 12 Poles Double-Throw); Time Delay; Reverse Current; Close 
Differential; and Special Designs 


Contactors . . . AC and DC; Magnetically Held; Up to 
1000 Amperes, 750 Volts 


Bring your automatic contro! problem to us. Our engi- 
neers, backed by years of experience (since 1888), 
will be glad to help you work out the details. 


Automatic Switch Co. 
385LAKESIDE AVENUE, ORANGE, N. F 


Refer to Section J for data on ASCO Sole- 
noid Valves. 


Refer to Front Section for data on 
ASCO Complete Control Panels. 


ASTA- 


Single Source Responsibility — 
Solenoid Valves and Elettro- 
magnetic Controls. 


Special and Standard 


POLLAK 
RELAYS 


Accurate 

Dependable 

Long Life 

COMPUTER 
COMMUNICATIONS 
MINIATURE 
COAXIAL 
FREQUENCY 


Nearly a half century of experience 











in specialized design and production 
of precision components. 
We invite your inquiry. 


JOSEPH POLLAK 
CORPORATION 


75-99 Freeport Street 


Boston 22, Mass. 
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ARNOLD MAGNETIC MATERIALS 


TYPES "C" AND "E" CUT CORES 





Arnold “C” and “E” Cores are made from ona mandrel, then heat treated, bonded and 


precision rolled Silectron strip (highly oriented cut into halves. Careful control results in 
silicon steel) in 1, 2, á or 12-mil thicknesses accurately dimensioned and matched core 

1 a wide variety of window sizes and core halves whose effective air gap at the butt 
areas, for high and low-frequency applications joint is very small 


Sizes range up to 10 Ibs. in 12-mil strip, and In 3-phase applications, the use of "E" 


from fractions of an ounce to hundreds of Cores provides weight and size reduction, 


pounds in the thinner gauges. Cores wound as well as higher efficiency and possible cost 


from ultra-thin strip (down to 4 mil or less savings. Rigid standard tests are employed 
| 


can also be supplied for both "C" and "E" types of cores, and 
Insulated strip of the proper width is wound special tests where required. 


TAPE WOUND CORES 


Depending upon the specific properties re- ard sizes with protective nylon cases. S 
quired, Arnold Tape Wound Cores are avail- sizes of toroidal cores, and al juare Of 
able made of Deltamax, 4-79 Mo-Permalloy, rectangular Tape Wound Cores, are inufa 


Supermalloy, Mumetal, 4750 Electrical Metal, tured to meet individual requireme 





or Silectron . . . in standard tape thicknesses of Used for magnetic amplifiers, pulse 

1, 2, 4 or 12-mils, and in ultra-thin gauges of formers, current transformers, wide-band trans- 
and '4-mil where required formers, non-linear retard coils, peaking 
Practically any size core can be supplied, reactors, etc., this gapless type of core 

from a fraction of a gram to hundreds of  struction results in maximum effective working 

pounds. Toroidal cores are made in 22 stand- permeability with minimum flux leakage 


MOLY-PERMALLOY POWDER CORES 


For use in loading coils, filters, broadband 75 kc; and the 14 Mu at 50 to 200 kc. Many 





carrier systems and networks, for frequencies of these cores may be furnished stabilized to 

up to 200 kc, these Toroids provide high Q provide constant permeability (0.1 Over 

in a small volume, and are characterized by a specific temperature range 

low eddy current and hysteresis losses These Moly Permalloy Powder Toroids are 
Arnold Powder Cores are supplied in four available in a wide range of sizes, to obtain 

standard permeabilities 5, 60, 26a 14 Mu nominal inductances as high as 281 mh/1000 

They provide constant permeability over a turns. They are given various types of enamel 


wide range of flux density. The 125 Mu cores and varnish finishes, some of which permit 


re recommended for use up to 15 kc; the winding with heavy Formex insulated wire 





60 Mu at 10 to 50 kc; the 26 Mu at 30 to withoutsupplementary insulation over thecore 


ALNICO MAGNETS 


Arnold manufactures permanent magnets from castings and are made to the customer 
all grades of Alnico, although Alnico V is drawings and specifications. Some type 
usually the preferred type due to the high shapes of A » Magne € 

value of energy product of that alloy. Alnico stock items 

Magnets are quite hard and somewhat brittle Some small sizes of magnets may be fur- 
ind may be ichined only by grinding. Most nished in sintered A but spe | ipes 
sizes and shape inuf red as l ade in this way re f er expe € € 


Stock sizes of all the products above are listed 
in Catalog GC-106 PD. Write for your copy. 


E ARNOLD ENGINEERING (COM 


MR RARE 
E e. SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION — — — 
General Office & Plant: Marengo, Illinois New York: Empire State Bldg. Boston: John Hancock Bldg. Los Angeles: 





= 
weg 
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GARDE... 
ture of all types of molded insulators (including hermetically sealed 
components) for miniature and subminiature electronic assemblies. 


— if you have a problem in 


MOLDED ELECTRONIC COMPONENTS 


stop wasting technical talent! Turn over your problems to 















MOLDERS 


. experienced in design development and the manufac- 


Our electronic components are molded from compounds 
that are best suited to fit the exact specifications the 
design calls for high temperature insulation re- 
shock 


resistance, high dielectric strength, low loss or other 


sistance, low water absorbtion, high arc and 


special requirements. 


Our standard products will meet most of your appli- 
cations, but if they shouldn't, we will assist your engi- 
neers in the designing of a molded component, not 
only to meet a specific problem but to develop it to 
the highest point of efficiency and to follow through 
with the most economical method of manufacturing in 


any quantities desired. 


Many leading manufacturers in the electronics industry 
have called upon us to help solve problems of close 
tolerances and highly intricate miniature designs in 
VHF, UHF and MICROWAVE components. If you are 
a manufacturer, engineer, physicist, designer or tech 
nician who desires more information regarding the ways 
Garde can help you, write to our engineering depart 


ment for technical assistance and material samples. 


... smallest practical sizes — GARDE 
STANDOFF TERMINALS 


e SUBMINIATURE 


SERIES 3550—Parts 1 to 12 


e MINIATURE 


SERIES 3449—Parts 0 to 42 


e FEED THRU 


SERIES 3660—FTI, 2, 3 












In over 50 other different insulated types, 
studs and terminals are interchangeable 
to suit individual requirements. Voltage 
breakdown 3500 to over 20,000 volts 
D.C., depending on type. 


For Specific Details Write 





OF THERMOPLASTIC AND THERMOSETTING MATERIALS 


588 Eddy Street, Providence 3, Rhode Island -- Sales Representatives in Principal Cities 


Rout the 
dollar losses 


behind 


hiding poor cost control 


Try the new conversion-cost method 
of finding and plugging leaks 









There 8 Of e realistic way to control 
k^ep I ift à is far i i 
engineer ly que approach to t! 
problem p in manufacturing 
Since manuf on the material to tl 
product ist be reckoned—the total 
conversion st fully explains tl 
approach and describes the methods through which t i 
plug costs leak k Nw how pri 
develop eff e metho ting i i 
product | 
i 
] 
| 
: 
By Phil Carroll | 
Author of T;mestudy for Cost ( 
Tin (dy Fundamer r Foremen 
Hou Chari Timestud y Data 
264 pages, 6 x 9, 76 illustrations, $5.00 
1 practical book is wr for i 
p 
th 
Y x r 
1 i 1 à a 
re a d 
I iT hown how y 
a 1 
T! ty r 
à prod r 
| ike t ] v 
ffe i ine r i he Y 
how ik at f uct 
1 1 1 
- 
Packed with techniques to 
help you set up the new method: ! 
How p charts for plotting a curve of expenses 
There’s onl on sou way t j this t 
er manager, af you how to draw 
vt ad the urve how t rea 
How find standard material costs, and how 
figure out the variances from these 
How 1 e leaks in cost control—the variance 
how t all attent to them and act on them 
How to tell whether a ''special line" is making money or 
i ati 
How to use a basic r to determine how much stock y 
H D which kind of employee incentives 
st if dua r 
(~~ SEE THE BOOK TEN DAYS FREE” | 
| McGRAW-HILL BOOK CO., 330 W. 42 St., NY 36 | 
Send me Carroll's HOW TO CONTROL PRODUC- 
| TION COSTS for ten days’ examinatio p l 
| pr 4 At the « f te ays Iw | 
few cents for delivery r retur 
Bx | 
i i This offer applies to U. S. only | 






TROMBETTA SOLENOID CORP. 


—9 (TD WISCONSIN 























U.S.A 


331 NORTH MILWAUKEE STREET 


SOLENOID SHOE BRAKES 


SINGLE SOLENOID OR DOUBLE SOLENOID OPERATED 


x ; 5 2:2 v 
. vr F- ^ f 
jw - J 
SBM-362 BRAKE SB-373 BRAKE SB-388 BRAKE 


45 FT.-LBS. 450 FT.-LBS 2400 FT.-LBS B-122 DISK BRAKE SB-362 BRAKE 
MAGNETICALLY SET SINGLE SOLENOID DOUBLE SOLENOID 85 FT.-LB. TORQUE EXPLOSION PROOF 


SB-300 LINE OF SOLENOID BRAKES 


SPRING SET MAGNETIC RELEASE OR MAGNETICALLY SET SPRING RELEASE. 





FOR OPERATION: On alternating current at any voltage Wheel diameter ranges from 214” to 72". Wheel face 
and at frequencies from 1624 to 6724 cycles per second. from 115" to 14". 

On direct current shunt connections at any voltage to E : i à : 
750 volts. Series connections at any voltage to 750 volts Torque capacity: 3 ft.-lbs. to 24,000 ft.-Ibs. continuous 
and any current. duty; 5 to 32,500 ft.-lbs. % hour duty. 


SEND FOR BULLETINS EE-180, EE-183, EE-184 


STANDARD SOLENOIDS 
46 STANDARD LINES, 608 SIZES 


NA-726 SOLENOID 





P-334 SOLENOID -128 SOLENOID -828 SOLENOID FX- z 4 SOLENOID 4S-127 SOLENOID G-611-H SOLENOID NATIONAL ACME 
F-300 LINE 1-100 LINE AL-800 LINE -300 LINE AS-400 LINE G-600 LINE REPLACEMENT LINE 
- z v * 
A COMPLETE LIST OF SOLENOIDS 
PLAIN SOLENOIDS DIRECT CURRENT OPERATORS 
F-300, 30 sizes; G-200, 14 sizes; A-200, 15 sizes; NA-700, RD2-100, 7 sizes: RD3-100. 7 sizes 
38 sizes: G-600, 6 sizes: A-100, 14 sizes: AL-800, 18 sizes: ne : s x" n : 
AS-400, 14 sizes: E-500, 30 sizes: FW-300, 30 sizes: : EXPLOSION PROOF Ol ERATORS : E 
EW-500, 30 sizes. RD2X-300, 15 sizes; RD2X-800, 9 sizes; RD2X-400, 7 
DOUBLE PLUNGER SOLENOIDS sizes; RD3X-300, 15 sizes; RD3X-800, 9 sizes; and 
AD-300, 15 sizes; AD-400, 7 sizes; AD-800, 9 sizes. RD3X-400, 7 sizes 
EXPLOSION PROOF SOLENOIDS OIL IMMERSED OPERATORS 
FX-300, 15 sizes; FX-800, 9 sizes; FX-400, 7 sizes. RD2Z-300, 15 sizes; RD3Z-800, 9 sizes; RD2Z-400, 7 
OIL IMMERSED SOLENOIDS sizes; RD3Z-300, 15 sizes; RD3Z-800, 9 sizes; and 
FZ-300. 15 sizes; FZ-800, 9 sizes; FZ-400, 7 sizes. RD3Z-400, 7 sizes 


PURE DIRECT CURRENT SOLENOIDS EXPLOSION PROOF DOUBLE PLUNGER SOLENOIDS 
A-100, 14 sizes from 2 lbs. to 100 lbs. at 85% voltage. 


ADX-300, 15 sizes; ADX-800, 9 sizes; ADX-400, 7 sizes 
SOLENOID OPERATORS 


RD2-300, 15 sizes; RD2-800, 9 sizes; RD2-400, 7 sizes; OIL IMMERSED DOUBLE PLUNGER SOLENOIDS 
RD3-.300, 15 sizes; RD3-800, 9 sizes; RD3-400, 7 sizes. ADZ-300, 15 sizes; ADZ-800, 9 sizes; ADZ-400, 7 sizes 


-— 


IN 1924 MR. TROMBETTA GAVE THE WORLD THE COMMERCIAL SOLENOID 
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| LINEMASTER — America's Jootswiteh Leader 


Thousands of satisfied customers over the period of 15 years reflects 
the confidence in LINEMASTER Products. Our Engineering Department 
is anxious to help with your special problems. 















SENIOR 

































Name & No. Volts l Wt. & Size | Material TREADLITE 
SENIOR 514 Ibs. | 
#4141-D DPST ] 15-230 20 7" x 4" x 3 | Cast Iron 
JUNIOR | "T 115 | as I a Ib | | 
#121-5 | | SPOT 230 10 |5%" x 3%” x 114” | Aluminum 
| - -——-— om oo o MM 
COMPACT | 6^ oz. 
#492-S | SPDT 115-230 20 27s" x QV" x 7$" Steel 
+ + ————— e 
JUNIOR LEKTRO-LOK | 2 switches 115 15 10 oz. | Steel LEKTRO-LOK 
#L-2-S | | SPDT 230 10 | 5” x 2%" x "e" " 












iaaa ——— —— 











TREADLITE 


| 7 oz. 
#T-51-S | SPDT 115-230 10 


32" x 256" x 1” | Steel 


ES d 4—— 
EXECUTIVE 2 switches 115 15 14 oz. | 


#B-2-S SPDT 230 


LINEMASTER SWITCH CORPORATION 
WOODSTOCK, CONN., U.S. A. 


“Devoted exclusively to the manufacture of Footswitches.” 


TWENTY-FIVE Standard Models in stock — Catalogue on Request 
















| 











COMPACT 





APPLICATIONS 


in Finest Quality 























© Hermetically Sealed Ë Specialists 
- enm hani Ra ELECTRICAL CONTACTS | 
ao Available i ide choice of 
e Mercury - Mercury Contact Ne vailable in a wide choic 
a CONTACT MATERIALS. Gibsiloy 


Da powdered metal compositions of silver MQ 


or copper with refractory materials, 
The many advantages of mer- * silver alloys, fine silver, palladium, 
cury plunger construction are + and others. 


now available in relays for RT ` e Ng 


2 and 3 pole applications. 


: rivets, "Steelbacks'’, stampings, screws, 
Compact size and high cur- overlay types, and others. SW 
rent handling capacity (up to y 
60 amps) permits realistic sav- am CONTACT ASSEMBLIES. We con 
ings in cost and space. For rivet, weld, or braze contacts to con- P 


complete details just ask for 
our free catalogue—and don't 
forget—our engineering 


erus 

= 

division is ready to serve on P 
9€ 


tact supports— furnished either by us 
or our customers. 


Send for Catalog C-520 for more in- É Sy 
any of your relay problems. A e 
v 


formation. Our engineers will gladly 
help you whh your contact problems 














/ f/f 


D by 
Gigson Etectric COMPANY 


8358 Frankstown Ave., Pittsburgh 21, Pa. 





EBERT ELECTRONICS CO. 


212-26N Jamaica Ave., Queens Village 28, L.I., N.Y. 
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Potentiometer Accuracy Improved! 





Fairchild Precision Potentiometers now offer 
greater accuracy and longer life than ever before 


Experience with Fairchild Precision Potentiometers in hundreds of 
applications shows that these units far exceed their original guar- 


anteed tolerances. As a result, accuracies of +1% 


in non-linear types 







TYPES 747 and 748 


TYPE 746 


and as high as +0.05% in linear types can be guaranteed. Service life 
as high as 10,000,000 cycles, under certain conditions, also can be pro- 
vided. High resolution, low torque, and low noise level are other per- 
formance features worth noting. 

Fairchild Precision Potentiometers perform mathematical compu- 
tations in electrical computing systems for machine-tool controls, 
process controls, telemetering, guided missiles, flight control, fire 
control, and analog computers of all types. They are available in non- 
linear and linear types and in ganged combinations of either or both 
with windings to meet your requirements. 

If you want accuracy in your control systems, ask about Fairchild 
Precision Potentiometers. 


SPECIFICATIONS OF FAIRCHILD PRECISION POTENTIOMETERS (Nominal Values) 

































































Type 736 Type 746 Type 756 Type 747 Type 748 
Resistance Range, ohms 
Linear (standard), min 680 +5% a 680 +5% a 800 +5% a 1,800 +5% a 2,250 +5% a 
max 115,000 +5% a 115,000 +5% a 40,000 +5% a 90,000 +5% a 150,000 +5% a 
near (special), min 85 +5% a 85 +5% a 50 +5% a 50 +5% a 80 +5% a 
max 45,000 +5% a 
Non-Linear b b b 
Electrical Function Angle, deg. (standard 320 nomina 320 nomina 320 nominal € " 351.3 —0.5 15 
special 350 nominal c d 
Electrical Contact Angle, deg 340 nom 340 nom 340 nom. (std 51.3 4 45 4 
Mechanical Rotation Continuou Continuous Continuous ontinuous 
Functional Tolerance (guaranteed), per cent 
Linear, Some Non-Linear 0.50 e 0.50 e 0.25 0.15 f g 
Other Non-Linear 1.00 *- 1.00 0.35 h 
Mechanical Accuracy 
)ncentricity (shaft to p FIR max 0.0025 )010 ).0010 0025 0025 
Radial Shaft Play, in., max 0.0015 0.0009 0.0009 0015 9.0015 
haft, dia., in i i i i i 
Pilot Bushing, dia., in i j j k k 
Torque, 0z.—in. per cup 2.0 1.5 1.5 1.Q 
Wattage (rated at 40 C ambient temperature) ganged 2.5 2.5 2.5 4 5 
Voltage Breakdown at Sea Level (60 cycle) RMS 900 900 900 300 900 
Taps, number per cup 31 Im ln p 6p 
accuracy of location, deg 1 1 1 ).5 
width, deg., max q q r 60r 
Ganging on Single Shaft, max 5 20 0 
Operating Ambient Temperature Range, deg. C 55 to 55t 71 o+71 55 to +71 55 to 
Service Life, cycles, max. 5,000,000 s 5,000,000 s 5,000,000 s 10,000,000 s 10,000,000 s 
Dimensions, in 
Diameter 1.899 1.750 1.750 2.093 3.093 
Length (one cup), max 0.795 0.800 +0.009 0.800 +0.009 1.156 1.156 
Added Length Per Unit Ganged ).609 580 +0.002 ).580 --0.002 ).594 594 
a Tolerance on both linearity and over-all resistance may very or be im k Machined to 0.7500 in +-0.0000 0.0005 
proved, depending on resistance value required I By adding dummy cup section, 19 taps can be provided 
b Maximum resistance range will vary according fo function. Tolerance on m Two taps can be provided by slight design modification using termina o 
over-all resistance of non-linear windings is +5% clamp screw modified for wiper terminal 
€ Electrical function anales can be held to tolerance of +1° by special order n Two or more taps can be provided by slight design modification using add 


d No shorted section 


tional boards. 13 taps can be provided by addition of terminal board se 


e Lineority up to +0.25 on the higher resolution windings by special order trons 

f Linearity up to ~0.10% on the higher resolution windings by special order p Depending on spacing requirements and without moving bridge or wipe 
g Linearity up to 0.05% on the higher resolution windings by special order terminal 

h With maximum of 3:1 slope ratio in high resistance ranges q One turn of wire 

i Centerless-ground stainless steel to 0.2500 in (+0.0000, —0.0005 r Varies with resolution 

j Machined to 0.5000 in 40.0000 0.0005). s Life will be dependent upon specific potentiometer required 


SAMPLE POTENTIOMETERS IN A HURRY! Send your potentiometer 
problems to the Fairchild Potentiometer Sample Laboratory and 


we'll show you how to solve them. Sample units can be de 


signed and built at nominal cost in 4 to 6 weeks after receipt 
of approved specifications. For full details write to Potentiometer 
Division, Fairchild Camera and Instrument Corporation, Park Ave- 
Hicksville, Long Island, New York 140-378. 


nue Department 
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ou AMRECON 
ALL-PURPOSE RELAYS 


MODEL: DOS 


AC OR DC 


2.5 watts DC or 3 
Coil watts, 60 ecvcle AC, 
Rating for voltages up to 230 
V DC or 140 VAC 
Piers 15 amps—at 115 
w V AC or 32 VIX 


Rating noninductive 


Weight 4 oz approximately 


1-%" high, 1-54" wide, 
1-134," deep 


MODEL: DO 


AC OR DC 


| watts DC or 6 
Coil watts, 60 cycle AC, 
Rating | for voltages up to 230 


VDC or 440 VAC 


( 10 amps—at 115 
ontact 1 VAC or 32 VDC 


Rating 
noninductive 


) pole 2-4" high, 1-55 
wide, 1-136” deep ( 
pole) 2-4” high, 2-6 
wide, 1-136 deep 


30 bDIFFERENT TYPES 
NOW AVAILABLE FROM STOCK 





AMRECOWN can now give immediate shipment from 
stock in reasonable quantities on Model DOS and 
Model DO relays in a wide range of coil-operating 
voltages. These stock units are: Model DOS relay 
in DPDT contact combination. and Model DO relay 
n 3PDT and 4APDT combinations. All are available 
n 6, 12. 24, 115, and 230 volt coil-operating volt- 
wes, either AC or DC. 

AMRECON can also give exceptionally good 
delivery on many other all-purpose relays. These 
nclude a wide variety of contacts, rated from 5 to 
1S amps AC, noninductive. 


Get the right relay sooner ... from AMRECON. 


WRITE FOR CATALOG R-10 > 





3641 Howard Street, Skokie, Ill. 


(Suburb of Chicago 











American Relay & Controls, Inc. 


For PROVED DEPENDABILITY 
MODERN APPEARANCE . 


INSIST ON 


€ Soundly Engineered 
€ Precision Built 
€ Easily Assembled 


P&S 1311 P&S 1320 P&S 1340 P&S 1375 


P&S Despard? Line — modern, compact design — 
rugged construction — adds to appearance and serv- 
iceability of your product. 


P&S POLARIZED DEVICES 


Long-Lasting, Easy-to-Wire — for Positive 
Electrical Connections 


^ F3 


<P 
x 


P&S 7082 P&S 7055 P&S 7251 





Extra heavy construction to with- | . 
stand rough usage — 10 and 20 Qo’ eS 


Amperes — 2, 3 and 4-wire. P&S 6051 P&S 5552 


P&S TURNLOK; LINE 


"A Turn of the Cap and It's Locked" 





P&S 7410 P&S 7210 trolled contacts — dependable. 


Send us your specifications for special adaptations. 
We will gladly make recommendations without obli- 
gation to you. Address Dept. PH on your letterhead, 


please. 


PASS & SEYMOUR, INC. SYRACUSE 9, N. Y. 


OFFICES: 71 Murray St., New York 7, N. Y.; 
1229 W. Washington Blvd., Chicago 7, Ill. 











P&S 7101 P&S 9763 P&S 7311 


2, 3 and 4-wire — 10 and 20 


Amperes — positive, contour-con- 


Product Engineering — 1954 Annual Handbook 


























——— 





RUGGEDIZED 
METERS 


HS Series 
HERMETICALLY SEALED 


Exceptionally accurate and sensitive even 
under extreme conditions of shock, vibration, 
mechanical stress or strain, weather and 
climate. Outstanding performance in any 
application. 2%" and J'2" types have 
standard A.S.A dimensions. 
HS3 (35) 
























HS2 (212) 


HERMETICALLY 
SEALED METERS 




































S 
Ruggedized H 
: - . , ermetica]]y Seal 
HM Series Lo 25 bridge and "- -— 
HS2 (212°) uc4 ,4,,,, balance indicat ntiometer 
etal $3 (3% ment i ors and where an instr. 

Marion -— pue Zero or balance point p Very high sensitivity about the 

hermetic sealing : ud per m . esired. Sensitivit t thi " 
i dverse : m. or higher: th Y at this point is 

accurate life under a shielded e meter's Shaded po] 

: idity, dust core Construct pole face and 
conditions of humidity attenuat ion give sharp] — 
and hazardous atmospheres ample 2222 it departs from null Dd y Jegarithmic 
Magnetically shielded. toad protection. and provides 






HM3ET ELA PS 
cm T mm 
"RE WO sizes, 214" 







Standard JAN 4 and 315" 










































imensions f 
n H panel mounting, Operating 
“designed for commercial Jip metically sealed. Magneticall> 
phenolic and oe — sealing or ruggedization is 10 Our steps to 9999.9" n° n 
] ication where herme ! : di! 
| —: All Alnico construction Reliable high 10-125 22 Q volts? SY chronous motor. 
rae ue hansie in moderate price range. MU ' or 60 cycles A.C, 
orq i LTI-RANGE METER TESTER 
€ edd service in The only instrument of its t 
Acceso — i Model 52N able today. Used for producti, avail 
f -— pnm in^ round tion and Calibration of electrical Pe 
1 JAN MR24, E ion cating instruments indi 
phenolic case. 52S, : EN ume high measuring nand 7 anten 
1 phenolic case Model 5 ‘lable in Oratory. It is also ened S in the lab. 
flange brass case. Also avai commen me Production limit brid = a Precise 
haus cn) vna MA ! to E tolerances to be set for any a m ——— ac 
we cia 7. verall acc alue from + 149 
i b uracy f 
MODEL 53SN Series 53 n than 14 of 196, Resistonc rn measurements 
" ial rectangular ower source 1ISV Ac © range 0-5000 ohm 
Standard 3” commercial re g sories ; 80 cycles Complet " 
type (Model 53SN). Also available required, "P'ete, no acce, 
im 31A" round phenolic case (Model "T ani 
53RN) (JAN MR34, MR35). L PMI PORTA BL 
53RN) (J INDUCTION SOLDERING UNIT E BENCH Type 
T NE aa | Improves and s 
MODEL 55 Production of 8 
Large 458” x 4%”. Critical read Low cost, 
ability on 100° scale. Extremely Portable. Size 
accurate. Most popular case style in E 
r e ment field iH 
aba ad dne M — le watts full load 
MODEL 56 
e! x 5!4" phenolic case Large 
open face with 100? scale in 5'2 
arc 
MODEL 57 


l2" x 7" open face, extra long 
dh More than a mere overgrown 
3" meter. Enlarged pole -— 
higher torque movement "t m 
damping factor. Accurate within 176. 











"c 






ELECTRICAL INSTRUMENT COMPANY field, es, Ideal sm e * Five l 
415a Canal Street, Manchester, New Hampshire, U. S. A. xm 
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You can get 
this year’s 
HANDBOOK... 


if you aren't a Product 
Engineering subscriber, 
by subscribing now to the 
leading product - design 


engineering magazine. 


Twelve 
informative 
issues... 


of Product Engineering 
per year will enable you 
to keep abreast of every- 
thing new in your field. 
Every month, this publi- 


cation delivers the au- 


TURBO 117 SLEEVING thoritative editorial cov- 


. . . durable silicone rubber coating fuzed erage which makes it the 
to fibrous glass braid . . . cannot be 

peeled . . . can be supplied to meet all 

Class "H" performance requirements ferred magazine — by 

of MIL-I-3190, NEMA VS.I ki d ` 

lasting dielectric strength . . . making it more helpful 


design - engineers pre- 


humidity-resistant . . . oil-resistant 
. « flame-resistant . . . non- 
corrosive . . . fungus-resistant. 


and profitable to read. 


Inside the 
Silicone 


Rubber Sleeving ai p ma M" E A new 
TURBO 117 SLEEVING , : HANDBOOK 


. + « scientifically designed É j | 
to be kink-proof . . . can be n VS ^ every year. "A 
knotted, bent, twisted . . . = 
engineered to meet extremes ' 
of temperature . . . flexible at d ME -upplement to your regu- 
100° F . .. unchanged by 
temperatures as high as 500° F... 


comes to you as an extra 


lar subscription, at no ad- 
ditional charge! 


Samples will be sent to you on separate 
order. Be sure to ask for Turbo 117 


Sleeving. : 
Write for NE, Use the n 
SX Bulletin subscription 


EN cards... 


following pages B32 and 

H32 to start benefiting 

INSULATING MATERIAL : i . 
immediately from the fin- 


THE WILLIAM est available editorial 
service to you: Product 
DEPT. PE-54, WILLIMANTIC, CONN., U.S.A, Telephone HArrison 3-1661 Engineering and the an- 


TURBO Insulated Wires - Wire Markers - Extruded Tubing - Glass Sleeving and Tub- nual HANDBOOK. 
ing ` Varnished Saturated Sleeving and Tubing - Cambric Cloths, Tapes, Papers - Mica. 


SALES REPRESENTATIVES IN PRINCIPAL CITIES 
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For the most 
complete line of 


AIRCRAFT 
INVERTERS 


For 
"RELIABLE" 


ELECTRON 
TUBES 


For complete details om our aircraft inverters or 
electron tubes . . . or on our dynamotors or frac- 
tional horsepower D. C. motors... write: 


~~ 


~ 


PT Oonk 
EATONTOWN, NEW JERSEY 


As Nap 
Litt 


DIVISION OF | Bendix 


Loo AVIATION 
: CORPORATION FY 


ZB y S? 
i an er 
Wys W 


117 Providencia Ave. 
Burbank, Calif 


Export Sales: Bendix International Division, 205 East 42nd St., New York 17, N. Y. 
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West Coast Sales and Service: 


The Red Bank Division of Bendix Aviation Corporation 
is the logical place to find your answer to aircraft inverter 
needs—and for three significant reasons. First, we offer the 
widest range of inverters. Second, we design and build each 
inverter as a complete, unified mechanism. Third, we are 
equipped to design and produce inverters for all kinds of 
special-purpose applications . . . and, ia fact, are now 
engaged in developing inverters up to 5000 VA and for 
high temperature, high altitude applications. 


With electronic controls taking over more and more oper- 
ational functions in aircraft, it’s becoming increasingly 
important that the electron tubes used be dependable under 
conditions of high altitude, continuous vibration, varying 
voltages and frequent shock. Because of their advanced 
design and construction ... born of never-ceasing research 
and special production skills ... Bendix Red Bank Regular 
and Special Purpose Reliable Electron Tubes have the de- 
pendability necessary to meet severe operating conditions. 


Depend on 


"F0 





Type E8N 
Indicating Tem- 
perature Control, 
ranges 300°or 
600° between 
— 150° to 600° F. 
calibrated adjust- 
ment and ambi- 
ent compensated. 


Type J40 
Compact, skele- 
ton pressure con- 
trol for local 
mounting to con- 
trol up to 250 psi 
in general indus- 
trial applications. 


Type J96 
Sensitive pres- 
sure-vacuum con- 
trol for 30" hg. 
to 100 psi with 
explosion - proof 
housing for haz- 
ardous locations. 


UNITED ELECTRIC CONTROLS CO ———— 


YOUR PRODUCT! 


More dependable, more accurate controls 
bring big sales results! 


Progressive manufacturers through- 
out the country know the importance 
of having the right temperature or 
pressure control on their products. 
It really pays off—in product quality 
and in SALES. Hundreds of com- 
panies, of all types, turn to United 
Electric for the finest controls, to be 
used as original equipment on their 
products. 

Controls are developed from 
United’s wide line of standard 
models or are specially built as a 
result of teamwork by United Elec- 
tric engineers and the manufacturer's 
product development group. 

We can handle practically any 
pressure control problem between 
limits of 30" mercury vacuum to 
1000 psi or temperature control 
problems between limits of 
— 150° F. to 600° F. 


Want to know more? Write for 
our new catalog. It shows pres- 
sure and temperature controls for 
marine, industrial aircraft and 
representative special purpose 
uses. And it’s yours for the asking. 


91 School Street, Watertown, Mass. 


Has description, classification, speci- 
fications, and applications of servo am- 
plifiers; dynamic analyzer; null de- 
tector; motor control; and d-c millivolt- 
meter. Also has a page of conversion 


factors for servo calculations. 


(U-33) MAGNETIC AMPLIFIERS. 
Westinghouse Electric Corp., Booklet 
TD-52-600, 18 pp. A section of the 
booklet is devoted to magnetic am- 
plifier terminology. Next is an explana- 
tion of the theory of operation. Curves, 
tables, and wiring diagrams are in sec- 
tions dealing with component parts, 
applications, and operating character- 
istics. 


(U-34) WATERPROOF SWITCHES 

Control Products, Inc., Catalog, 18 
pp. Has illustrations and complete spe- 
cifications on: SPST toggle switch; 
SPDT toggle switch; single pole push 
button; and single pole lever actuator 
type waterproof switches. Also has 
details on single cable and waterproof 
connectors, and high temperature and 
warning switches 


(U-35) TERMINAL ASSEMBLIES 

Lundey Associates, Catalog, 17 pp. 
Contains engineering and other data 
on a line of terminal assemblies. En- 
gineering drawings and specifications 
for all models and parts are included. 


(U-36) MINIATURE CONNEC- 
TORS— Viking Electric, Catalog, 16 
pp. Has engineering specifications and 
templates of a line of miniature con- 
nectors, terminal boards, thermocouple 
connectors, and printed circuit hard- 
ware. 


(U-37) SOLDERLESS POWER TER- 
MINALS — Aircraft-Marine Products, 
Inc., Catalog, 16 pp. Designed for users 
of heavy duty power terminals and con- 
nectors, it describes the varieties of 
solderless power terminals and con- 
nectors, together with tables to aid in 
terminal selection. Also illustrated and 
described are hydraulic and pneumatic 
precision hand tools, and electric-hy- 
draulic power tools 


(U-38) D-C TO A-C CONVERTERS 

Carter Motor Co., Catalog 452, 16 
pp. Details on a line of converters with 
from 40 to 150 watt output. Models 
are available with 6, 12, 24, 28, 32, 64, 
115, and 230 v input. Also has infor- 
mation on a line of inductor alternators. 
Includes specifications, performance, 
curves, and other engineering informa- 
tion 


(U-39) INSTRUMENT TRANS- 
FORMERS—General Electric Co., Bul- 
letin GET-1366A, 16 pp. Titled, "In- 
strument Transformer Accuracy Stand- 


ards,” it aids in the selection of proper 
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Fixture Wires: Designed for sun- 
lamps, therapeutic devices, and high- 
wattage units as well as lighting fix- 
ture interiors. Both high-temperature 
Deltabeston, and oil-, acid-, moisture-, 
sunlight-, and flame-resistant Flam- 
enol* wires are available. 


Magnet Wire: For Class H applica- 
tions (for temperatures up to 180 C) 
G-E Deltabeston is supplied with sili- 
cone-varnish impregnation. This extra 
protection is applied to Deltabeston 
magnet wire insulated with either 
glass or asbestos. 


SPECIAL APPLICATIONS: 


lf your application requires a special 
cable construction, call on G.E. We have 


assisted many desig s in the past 


FOR MORE INFORMATION, OR FOR YOUR 
COPY OF THE REFERENCE BOOKLET 
WRITE SECTION W106-1167, CONSTRUC- 
TION MATERIALS DIVISION, GENERAL 
ELECTRIC COMPANY, BRIDGEPORT 2 
CONNECTICUT 


Handy Reference Book- 

let: This 24-page booklet 

for product designers con- 
tains product information 
and specifications on the 
complete standard line of 
G-E wires, cables, and cords 
—including, among many 
others, the products listed 
below. Write for your copy. 


Flexible Cords: Where resistance to 
heat, moisture, acids, alkalies, water, 
grease, or oil is important, G-E flex- 
ible cords have long been the answer. 
For light, medium, or heavy-duty 
electrical appliances or industrial 
equipment. 


f 


Small Motor Leads: Fo: coils, trans- 
formers, motors, or ballasts you'll get 
excellent service with G-E Type F 
small-motor leads. Listed by Under- 
writers' Laboratories, Inc. 


| G-E 
WIRES and CABLES 


for Product Designers 


Deltabeston Wire: Where extreme 
heat or corrosive vapors are present, 
you'll get dependable service with 
G-E Deltabeston* wire. For use as ap 
pliance leads, or ground or hinge 
wires, as stove and range wires, and 
as permanent wave machine wire. 


Machine Tool Wire: G-E Flamenol 
machine tool wire meets J.I.C. Stand- 
ards for machine tool control wiring. 
It is permanently color-coded for easy 
circuit tracing. Its small over-all 
diameter is ideal for limited spaces. 


Welding Leads: Designed for use 
either as electrode cables or work 
cables, G-E leads for arc welders are 
composed of many fine wires stranded 
for maximum flexibility. They are 
covered with a smooth rubber jacket 
for toughness. 


"Registered Trade-mark General Electric Co. 


Ot CQ? put pow CO; lienee 222 — 


GENERAL QD ELECTRIC 
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Here’s Help with AN 


Connector Performance 


and Assembly Problems 


Solid Shell AN. Snap-in retaining 
sleeve (exclusive with G.E.) cannot work 
loose, yet releases quic kly with a screw 
driver and insert removes for inspection 
or soldering. Design permits use in 
tight places normally requiring split 
shell connectors. Meets MIL-C-5015. 


Split-Shell 90° Angle AN. Top remov- 
able for wire inspection without unmat- 
ing or disassembling from conduit or 
cable. Split-shell ease of wiring with 
advantages of solid shell construction. 


Meets MIL-C-5015. 


Split-Shell Straight AN. Reduced num 
ber of metal parts and weight plus 
improved connector performance. Full 
length split permits rapid and complete 
disassembly. Meets MIL-C-5015. 


instrument transformers for any par- 
ticular application. Lists accuracy 
standards for potential, metering cur- 
rent, and relaying current transformers. 
Shows pu equivalents of Ameri- 
can Standards Association accuracy 
classes. 


(U-40) ELECTROLYTIC CAPACI- 
TORS—Illinois Condenser Co., Cat- 
alog, 15 pp. This catalog contains a 
listing of every type of electrolytic 
capacitor used in the electronics, elec- 
trical and allied industries. Included are 
photos, dimensional drawings, standard 
terminal codes, and other data. 


(U-41) RESISTORS AND RHEO- 
STAT—Tru-Ohm Products, Catalog, 
13 pp. Illustrates and gives complete 
specifications for fixed vitreous enamel 
resistors in capacities from 3 to 200 
watts, and adjustable vitreous enamel 
resistors from 10 to 200 watts. Also 
has illustrations showing terminal 
types and resistor mountings. 


(U-42) INDUSTRY RELAYS—Auto- 
matic Electric Co., Circular 1702-A, 12 
pp. Has illustrations and complete spe- 
cifications for a complete line of tele- 
phone-type relays, including hermeti- 
cally sealed (in metal and glass 
containers) sub-miniature, and plug-in 
types. 


(U-43) SPECIAL ELECTRICAL 
EQUIPMENT—Electric Speciality Co., 
Catalog 53 P-D, 12 pp. Discusses the 
designing of specially designed rotating 
electrical equipment for specific re- 
quirements. Covers: motors; motor 
generator sets; dynamotors and con- 
verters. Illustrations and applications 
are given. 


(U-44) STANDARD PERMANENT 
MAGNETS-—Thomas & Skinner Steel 
Products Co. Inc., Catalog SM-1252, 
12 pp. List a complete line of perman- 
ent magnet available in Alnico 2, 3, 
and 5 for use in a wide range of in- 
dustrial applications. Has many line 
drawings, curves, and dimensional 
limitations. 


(U-45) AUTOMATIC VOLTAGE 
STABILIZERS—General Electric Co.,; 
Booklet GEA-5754, 12 pp. Contains 
photographs, diagrams, and operating 
curves on automatic voltage stabilizing 
units ranging from 15 to 5,000 volt- 
amperes. Gives operation principles and 
construction and gives complete speci- 
fications. Also describes the causes and 
effects of voltage variations, and lists 
typical application for stabilizers. 


(U-46) PYROMETRIC SWITCHES 

Minneapolis-Honeywell Regulator 
Co., Catalog 5800, 12 pp. Illustrates 
and describes rotary, key, and plug type 


PRECISION 
TRANSFORMERS 


government specifications. 
No job too big or too small. 


Development and 
"A design facilities 
~ available. 


We specialize in 


| MAGNETIC AMPLIFIER development 


YOU can improve the performance, life and reli- 
ability of your circuits . . . eliminate costly equip- 
ment maintenance and replacement part costs by 
using ATLAS Magnetic Amplifiers for: 

l. Low level amplification 

2. Regulated DC power supplies 

3. Motor drive controls 

á. Thermocouple and photocell to relay applica- 

tions 

We welcome inquiries. Send sketches of your circuit 
and list desired performance characteristics . . . 
we'll do the rest. 


Hermetically Sealed. Extremely rug- 
ged. Withstand the mechanical shock 
of 100G's, thermal shock from —300*F. 

liquid air) to 4-500 I in oil), high 
potentials of over 1000V., operating 
pressures up to 7000 p.s.1 depending 
on applications) and brazing tempera 
tures as high as 1500°1 


CONSTRUCTION 
TYPES: 


For complete catalog showing all shell 
stvles and insert arrangements send this Hermetically 
sealed 


coupon. 


Fosterite 
Scotch Cast 
Open types 


ATLAS ENGINEERING CO., Inc. 


3 EDGEWOOD ST., ROXBURY, MASS. 
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HI-VOLTAGE SELENIUM RECTIFIERS 
Phenolic Cartridge Type 


INTERNATIONAL / 
mecTinieR 


SS 


DIAMETER: From %” to 1” 

LENGTH: From %” to 12” 

CURRENT, half-wave: 1.5 ma to 60 ma 
VOLTAGE, DC output: 20 volts to 10,000 volts 


Send for Bulletin H-1 


Type P 


HERMETICALLY SEALED RECTIFIERS 


ER 0T 


etal Case 
Pigtail Leads 
Glass Seal 


DIAMETER: From 3/16” to 1-1/4” 
LENGTH: From 9/16” to 10” 
CURRENT, half-wave: 1.5 ma to 60 ma 
VOLTAGE, DC output: 20 volts to 4,000 volts 


Glass Tube 
Ferrule Ends 


Octal Tube 
Base Type 


Metal Case WRITE FOR BULLETIN H-1 


Unmounted Cells 
Available 
Output up to 
600 microomperes* 


Hermetically Sealed 
25 microomperes* 


* At 100 foot-condles illumination and 100 ohms external resistance. 


Write for Bulletin PC-649 


INTERNATIONAL 


GRAND AVE E! SEGUNDO 
C AG O Ao t GNNA D "wA Cu wu D R 
B9 ! 
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usu A 
eey 


CALIFORNIA 


M A D 1S ON LEM 


AS See , diss - dmn | 
oS SI ES: Na ti ion 


SELENIUM DIODES 


= 


DIAMETER Reverse Leakage at 10 volts RMS 
From %” to 13/32” 0.6 microamperes to 

LENGTH: From \” to %” 2.4 microamperes 

RMS applied voltage Potted in thermosetting 
From 26 volts to 208 volts compound 

DC output voltage Temperature Range à 
From 20 volts to 160 volts From —60° C to 100° ¢ 
DC output current Available in 1, 2. 3, 4, 5, 6 
and 8 cell Diodes 


WRITE FOR BULLETIN SD-1 
GERMANIUM DIODES 


——— —-—— — 


ALL TYPES AVAILABLE INCLUDING UHF TYPES 
Write for Bulletin GD-1 


POWER RECTIFIERS 


CELL SIZES: From 1” x 1” 
to 6'4" x 14" 

CURRENT RATINGS, per 
cell 0.125 amperes to 7 
amperes 

VOLTAGE RATINGS, in- 
verse per cell: 22 volts rms 
to 40 volts rms 


ivg. from 200 microamperes 
to 11 milliamperes 


Efficiency to 87% 

Power factor 95% 

Suitable for oil immersion. 
Ratings to 250 KW 


Send for Bulletin C-349 


MINIATURE RECTIFIERS 


Completely encapsulated Selenium 
Rectifiers. Available in half-wave, cen- 
ter tapped or bridge units in various 
voltages and current ratings. 


KEICTIFIER 


Miniature Rectifiers 
Type 
From 65 to 1,000 ma. 


A 


PHONE OREGON 
E "nuo ul FR AHR SE 
N UE PHONE 





pyrometric switches, together with ap- 
plications, circuits, dimensions, and 
mounting details 


(U-47) SWITCHES—Carling, Elec- 
tric, Inc., Catalog B, 10 pp. Lists 
switches for: appliances, aircraft; auto- 
motive; electronic; marine; motor con- 
trol; and special application for a-c or 
d-c. Has illustrations of all types, plus 
dimensions and complete specifications. 


| (U-48) ELECTRICAL INSULA- 

TION—Suflex Corp., Booklet, 10 pp. 

Describes all of the recent develop- 

ments in untreated and treated sleev- 

ings for electrical insulation, particu- 

METAL larly where high- and low-temperature 
ACTUATING ranges are a factor. Includes perform- 


ance specifications, grades, sizes, types, 


BUTTON a other technical data. 
SWITCH 
(U-49) PRINTED CIRCUITS—The 
CASING Kotula Co., Booklet, 8 pp. Printed 
circuits, their function, fabrication, and 
application are covered. Has materials, 
electrical characteristics with tables of 
SILICONE, vah es, — nA 
NEOPRENE resistors, tube sockets, and Switches. 
, 


or VINYL (U-50) VACUUM TUBE ELECTRO- 

METERS — Keithley Instruments, 
CASING Booklet, 8 pp. Has 19 application dia- 
grams, plus a full description of acces- 
sories, which permit measuring a wide 


SINE CURVE SN range of d-c voltages, currents as low 


as 10-14 amp, and resistance to 10!9 
SNAP-ACTION d | 


ohms 
ELEMENT 
(U-51) HOOK-ON INSTRUMENTS 
General Electric Co., Bulletin GEC- 
901, 8 pp. Describes in detail a com 
plete line of hook-on instruments, giv- 
Normally ‘ ing applications, operation, and the 
Closed basic features of the hook-on type AK- 
be 1A volt ammeter; AK-2 watt meter; 
STATIONARY Normally N and the AK-3 power factor meter. 
CONTACT Open ; 


STATIONARY \ Minneapolis-Honeywell Regulator 
CONTACT Y Co., Bulletin 1052, 8 pp. Discusses the 


pulse Pyr-O-Vane indicating millivolt 

meter controller which provides time 

ete sealing from effects of proportioning control action, and is 

EAT O a Ra designed for temperature control on 

" —— electrically-heated or fuel-fired pro- 

onance up to. 7000 C.P.S. e cesses where on-off, or two-position 

bs. shock test * Rated 10 controllers do not provide sufficiently 
SAC e close control 


(U-52) INDICATING CONTROL 


ee nae (U-53) TRANSFORMERS AND RI 

ced cases * ACTORS Southwestern Industrial 

ncnes optiona Electronics Co. Inc., Bulletin, 8 pp 

Gives complete specifications on im 

portant interstage and output trans 

CONTROL PRODUCTS. INC formers and reactors. Also discussed 
SUSSEX TREET HARR NEW JERSEY are applications, design, construction, 
terminals, core, coils, impregnation 


shielding and matching 
Vee ea MA p Z EAT ru 


(U-54) ELECTRICAI INSULA 
TION—Dow Corning Corp., Bulletin, 
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8 pp. Gives advantages of the class H 
electrical insulation containing sili- 
cones. Said to have temperature ad- 
vantage of 100 C and a greater life 
expectancy. Has illustrations showing 
applications, and a complete list of 
specifications. 


(U-55) CIRCUIT BREAKER—Bull- 

dog Electric Products Co., Bulletin B- z | 
360, 8 pp. Information and specifica- Pall 1 1500 1 

tions on the new electric-centers used $ di a 


in pushmatic circuit breakers. Has in- 
stallation and closeup views, and elec- 


trical data. CPI super high-temp thermal switch 


(U-56) RECTIFIER STACKS—Gen- 

eral Electric Co., Booklet GEA-5699A, 

8 pp. Complete with charts, graphs, "ES j 

and tables illustrating the character- * FASTER RESPONSE DUE TO 
istics, manufacture, circuit design, and m ^ LOWER THERMAL MASS 
application of copper-oxide rectifiers. 

Tables give ratings of: bridge; single ua © MAINTAINS UNUSUALLY 
phase full wave midtop; and three GU a a N 
phase full wave bridge cells C 


‘f 


(U-57) PRECISION RESISTORS — M iul 


The Daven Co., Booklet R, 6 pp. Gives * : TEMPERATURES TO 1700°F 


desc ription of precision wire arm re- : e QOVERSHOOT TO 2000^F 


sistors, hermetically sealed resistors, 
and miniature resistors. Each are in- * MAXIMUM VIBRATION 
dividually charted with diagrams, RESISTANCE 
tables and information such as wattage, 
dissipation tolerances, temperature co- 
efficients and maximum resistance 
values with different types of dimension 
and types of mounting 


Mit E NUM 
TEMPERATURE ALLOYS 


AAA 
rece 


ec rf 


eee 


rr 


* LIGHTWEIGHT 

| (Approx. 6 ounces) 
(U-58) SMALL PRECISION 
SWITCHES—Micro Switch, Bulletin 
A-84-55, 6 pp. Illustrates the many 
precision switches used for aircraft. 


Shows and gives the most important ap- 
nti 


* PLATINUM IRIDIUM 
CONTACTS FOR LONG LIFE 


ations for the snap-action switches 
built to meet specifications AN, MIL, 
ind JAN 


( U-59) MINIATURE SNAP - | 
SWITCH—The Sessions Clock, Bul- 
letin 101, 6 pp. Data on the construc- 
tion and operational characteristics of | 
the Tyniswitch. Has specifications and | 
c and d-c ratings. Has illustrations of 
ll types | 
(U-60) QUARTZ CRYSTALS—The 
James Knights Co., Catalog 51, 6 pp. 
Illustrates 31 types of quartz srystals 
for every application, giving frequency 
range, material, type of mounting, and 


cpm recorieoor.| MEMNMNNMMMNMEEM EFT TT CTI 
(U-61) SOLENOIDS—Soreng Mfg. á PRODUCTS 


Corp., Catalog, 24 pp. Facts on small, í 

light weight solenoids, solenoid oper- | INC 
ated switch, snap action switch, push | 

button switch, door switch, rotary selec- | 
tor switch, and pressure switches for 
liquid level control. Has engineering 
drawings, operating curves, and speci- | 
fications 


306 SUSSEX STREET HARRISON NEW JERSEY 


Product Engineering — 1954 Annual Handbook 



























































NEW BOOKS 





Hydraulic & Pneumatic Equipment 





Pipe Resistance for Hydraulic, 
Lubricating and Fuel Oils, and Oth- 
er Non-Aqueous Liquids by T. E. 
Beacham. 6 x 10 in., 61 pp. Pub- 
lished by E. & F. N. Spon Ltd., Lon- 
don, England, $2.52. 


Provides a simple and accurate means 
of estimating the pipe resistance for the 
flow of hydraulic, lubricating, fuel, and 
other non-aqueous fluids. Part I re- 
views the practical considerations, and 
the use of the diagrams and data re- 
quired. Part II has a series of pipe re- 
sistance diagrams for the various 
roughness of pipe bore, viscosities and 
specific gravities of fluids. Curves cover 
galvanized pre steel, and W. I. pipe 
of standard commercial quality, and 
smooth, highly finished drawn tubing. 
In addition, a section reviews the pro- 
cedure in the construction of the dia- 
grams to aid those who want to make 
their own curves for a particular set 
of conditions. 


Compressed Air Handbook, Sec- 
ond Edition by Compressed Air 
and Gas Institute, 468 pp, 6 x 9 in. 
Published by McGraw- I Book 
Co., P West 42nd St., New York 
36, N 


Presents a thorough coverage of 
tools, compressed air applications, cen 
trifugal compressors, tests, computa- 
tions, reciprocating-compressor plants, 
and auxiliary equipment. Will give 
plant designers, plant operators, com- 
pressor designers, and sales engineers 
a good practical working knowledge 
of the entire compressed air field 


Handbook of Applied Hydraulics, 
Second Edition. Editor-in-chief, Cal- 
vin Victor Davis, Vice-President, 
Harza Engineering Co., 1272 pp, 
6 x 95 in. Publisbed by tbe Mc- 
Graw-Hill Book Co. 330 West 
42nd St., New York 36, N. Y. $15. 


The objectives of this second edition 
are identical to those of the first. 2 
deals primarily with the practical z 
pects of all phases of loka engi- 
neering and includes much reference 
material. 

New sections have been added on 
water hammer, surge tanks, speed reg 
ulation and navigation locks. Other 


DL. 


sections either have been rewritten or 
brought up to date. 

The 25 sections of this manual, each 
of which was prepared by a specialist 
in the field, include: River Regulation 
by Reservoirs; Gravity Dams; Arch 
Dams; Buttress Dams; Earth Dams; 
Rock-Fill Dams; Spillways and Stream- 
Bed Protection Works; Spillway Crest 
Gates; High Pressure Outlet Works; 
Canals, Flumes, Covered Conduits, 
Tunnels, and Pipe Lines; Hydroelec- 
tric Machinery; Water Hammer; Surge 
Tanks; Speed Regulations and Govern- 
ing Stability; Navigation Locks; Irriga- 
tion; Irrigation Structures; Water Sup- 
plies; Water Distribution; Water 
Treatment; Sewage, Sewage-Treatment 
Hydraulics, Hydraulic Models. 


Basic Mechanics of Fluids by 
Hunter Rouse, Prof. of Fluid Me- 
chanics and Director lowa Institute 
of Hydraulic Research, and J. W. 
Howe, Prof, and Head of Dep’t of 
Mechanics and Hydraulics, State 
Univ. of Iowa, 6 x 9 in., 245 pp. 
Publisbed by Jobn Wiley & Sons, 
440 Fourth Ave., New York 16, 
N. Y., $4.50. 


Intended to provide a fundamental 
basis of the mechanics of fluids for all 
types of engineers, this book approach- 
es the subject from the mechanics point 
of view at all times. In brief, the basic 
principles of kinematics and dynamics 
are applied to the elementary motion 
of a fluid, and the effect of each essen- 
tial fluid property is studied in turn. 

The ten chapters are headed as fol- 
lows: Introduction; Fluid Statics; Fluid 
Kinematics; Fluid Dynamics; Effects of 
Fluid Weight; Effects of Fluid Vis- 
cosity; Resistance to Turbulent Flow in 
Conduits; Resistance to Flow Past Im- 
mersed Bodies; Lift and Propulsion; 
Effects of Fluid Compressibility. 


Fluid Dynamics, Volume IV. Ed- 
ited by M. H. Martin. Editorial 
Committee: R. V. Churchill, Eric 
Reissner and A. H. Taub. 186 pp, 
7 x 10 im. Published by the Mc- 


Graw-Hill Book Co., 330 West 
42nd St., New York 36, N. Y., $7. 
This volume consists of fourteen 


papers on Fluid Dynamics which were 
presented at the Fourth Symposium on 


Product 


Applied Mathematics, held at the Uni- 
versity of Maryland, June 22-23, 1951. 
It contains subject matter which can 
be divided into four categories: Turbu- 
lence, Compressible Flow, Foundation, 
and Incompressible Flow. Included are 
significant contributions on the statis- 
tical theory of turbulence, papers on 
the mathematical theory of supersonic 
and transonic flow, and a treatment of 
shock waves and gravity waves. The 
subject of incompressible flow is repre- 
sented by articles on propeller theory, 
numerical methods, viscous flow, and 
the method of singularities. 


Hydraulic Transients by George R. 
Rich, Consulting Engineer, Chas. 
T. Main, Inc., 260 pp, 6 x 9 in. Pub- 
lished by the McGraw-Hill Book 
Co., 330 West 42nd St., New York 
36, N. Y. 97:50. 


This practical book shows how arith- 
metic integration, and trial-and-error 
arithmetic are applied to the solution 
of a wide variety of problems in hy- 
draulic transients. For practicing design 
engineers, students of engineering, and 
others interested or working in the 
hydraulic or hydroelectric fields, it not 
only furnishes background for the cal- 
culation of particular problems by 
arithmetic, but also provides essential 
mathematical foundation for the sup- 
porting theory. 


Hydraulics As Applied to The Ma- 
chine Tool Industry. 194 pp. 8 x 11 
in. Vickers Inc., 1454 Oakman 
Blvd., Detroit 32, Micb., $2. 


This is one of a series of textbooks 
prepared by instructors in the Henry 
Ford Trade Schools for the instruction 
of Hydraulics. It includes information 
about pumps and valves and their main- 
tenance and repair; also the practical 
application of hydraulics to the various 
machines for the control of speeds and 
feeds. 
Divided into 52 lessons of from 3 to 
i pages cac h, it starts off with a basic 
discussion of hydraulics and progresses 
to the more complic ated designs and 
application. Each section is well illus- 
trated, and from 5 to 10 questions are 
given as homework or review at the 
end of each section. 
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Pressure Surges in 






J HYDRAULIC AND PNEUMATIC EQUIPMENT 


Hydraulic Circuits 


Water hammer in hydraulic piping and method of calculating the amplitude ol 


pressure waves that result both from rapid and from gradual valve closure of 


simple and of compound pipe lines 
suppress pressure surge. Application of equations is 


NOTATION 

a — velocity of pressure wave, ft per sec 
ar = effective velocity of pressure wave, ft per 

sec D 
A = cross-sectional area pf pipe, sq in. 
A. = area of throttling orifice before closure, Q 

sq in. t 
c = velocity of sound, ft per sec T 
Cp = coefficient of discharge v 
D = inside diameter of pipe, in. Va 
E = modulus of elasticity of pipe material, psi V 
F = force, Ib. 
á = gravitational acceleration, 32.2 ft per sec ° Ve 
K = bulk modulus of fluid medium, psi V. 
L = length of pipe, ft 
m = mass, slugs Ww 
N = T/(2L/a) — number of pressure wave in- 

tervals during time of valve closure , 
p = normal static fluid pressure immediately Pn 

upstream of valve when the fluid velocity 

is V, psi absolute T 
Ap = amplitude of pressure wave, psi 


NILS M. SVERDRUP 


Hydraulic Engineer, 
Aerojet-General Corporation 


MINIMIZING WATER HAMMER Or 
pressure surges, which result from 
either acceleration or deceleration of 
the flow of a mass of fluid in hydrau- 
lic circuits, presents a frequently oc- 
curring design problem to the hy- 
draulic engineer. This problem is 
probably one of the more complex 
met with in hydraulics. Fortunately 
when understood, the phenomenon ot 
water hammer readily lends itself to 
mathematical analyses 

Either acceleration or deceleration of 
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ne flowing Mass Ot fuid iN à hydrauik 
circuit results in elastic surges that fre 
quently cause damage to the pipe lin 
and to the components of the hydraul 
S stem 

In the solution of hydraulic flow 
problems, liquids are generally con 
sidered to be incompressible. In pres 
sure surge analyses, however, the eias 
ticity of the fluid and that of the pip 
material are of utmost significance 

For a homogeneous solid material 
the relation between stress and strain 
within the elastic limit is defined by 
the modulus of elasticity E, or tl 
ratio of the unit 


; 1 
sponding 


l 
stress to the corr 


elongation per unit length 
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demonstrated 


Pwa4x maximum static pressure 


Capacity of air accumulator required 


| 


| 
xy examples 


immediately up- 
stream of valve, psi absolute 


= static pressure immediately downstream of 


the valve, psi absolute 


= volume rate of flow, cu ft per sec 


wall thickness of pipe, in. 

time in which valve is closed, sec 
fluid volume, cu in. 

air volume, cu in. 


= normal velocity of fluid flow in pipe with 


valve wide open, ft per sec 
equivalent fluid velocity, ft per sec 


velocity of fluid flow during interval n, ft 
per sec 

work, ft lb 

specific weight, lb per cu ft 

coefficient dependent upon the rate of change 
in orifice area and discharge coefficient 


period of oscillation of air cushion in a sealed 
chamber, sec 


Mater 
Aluminum 
Copper 17.000.000 


700.000 


Stainless ste« 29 OOO OOK 


For a liquid the relation betw 
hange of pressure an l ! rr 
sponding change in volur s defined 
by the bulk modulus K, or the rat 

ncremental change in unit pressur 
to the corresponding change in vol 


1 
unit volun 




































































































































































































































SEQUENCE OF EVENTS 


IN ONE CYCLE OF A 


PRESSURE SURGE 





(A) With fluid flowing in normal di- 
rection, pressure wave starts at and 
travels away from valve immediately 
after closure, and pipe expands. 


(B) Fluid flow is opposite to normal, 
pressure wave travels back to closed 
valve, pipe contracts to normal size. 


(C) Fluid flow is still opposite to 
normal, pressure wave is reflected 
away from closed valve, and pipe con- 
tracts to less than normal size. 











(D) Fluid flow is in normal direc- 
tion, pressure wave returns to closed 
valve, pipe returns to normal size. 





ndicates that the volume decreases as 


e€ pressure increases 
Values of K for oil and wat 
ng temperatures in hy 


circuits are gene rally taken as 


Medium K 

l 250.001 
Water 300.000 
A definite relationship exists b 

tween the bulk modulus K and th 

velocity of sound in 


} 


I n 


uatto 


68.094 V K 


K 2.157 1074 


J4 





medium. This 
lationship is given by the well known 


rNormal pipe size 
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Density: Y 





Front of pressure wove 









Ree __.. Fluid velocity =O 
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Front of pressure wove 
Velocity=a 


->| Time= 2 ke- 


"TS 





co bod pipe size 
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velocity=-V Fluid velocity = 0 
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Fluid velocity = -V 
Density= Y 


Fig ! (8) 
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SEQUENCE OF EVENTS 


Assume that fluid is flowing with a 
nstant velocity V through a pipe ol 
length L, as indicated in Fig. 1(A), 
and the valve at X is closed suddenly 

At the instant the valve is closed, a 
lamina of fluid adjacent to the valve 
s brought to rest. The kinetic energy 
f this lamina of fluid is converted 
to pressure energy that compresses 
lamina and stretches the portion 
pipe wall surrounding the 
Immediately upstream of the 
AI vc tnc pressure iS increased by an 


imoun b above the normal pres 





Product 


t 


sure p. The velocities of adjacent 
laminas of fluid are then successively 
decreased to zero and their kinetic 
energy converted into pressure energy 

A pressure wave having a velocity 
: and an amplitude of ^ p, therefore 
travels up the pipe from X to Z 
After //a sec the column of fluid XY 
(/ ft long) is brought to rest, during 
which time the kinetic energy in this 
column is converted into pressure en- 
ergy, meanwhile the pressure in col. 
umn YZ is still normal and the fluid 
in YZ is still lowing with its initial 
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+p : 
Amplitude| Supernormal + 
: pressure wave 


Em —]p —-»*40 


Normol pressure 
size Nr. T 





denar CP VAE 
Absolute zero pressure 









Fron 


Velocity =a 


Time = Shel 


Fluid velocity =-V 
Density=7 


E 


Front c* pressure wave 


3L 


emm Time sS Eee em 


Mox 
pressure 
Fluid velocity: O 
Density *Y -5 X 


Fig.1 (C) 


Front of pressure, wave 


Velocity = 
eposda. 
x 


Fluid 
4 velocity=V 
Density = Y 


Tay | 


„Fluid velocity =0 
Density 7 -AY 


Fluid ‘ 
ch velocity=0 
ys 2- 


^o were 


rr 


Absolute zero essure 


\ 
‘Valve 


Front of ure wove 
m closed 
, 
r 


po ye — 
lem ee =. .._.Ļ- =- i —-— — oom o 
pressure 


————M 


Fluid velocity =V 
Density = Y 


Fig. 1 (0) 


velocity V. After L/a sec, the total 
column XZ of fluid will be brought 
at this instant the hydrostatic 
pressure throughout the pipe is super 
normal, the entire pipe is ii, 
and the column XZ of fluid is com- 
pressed to a greater 
normal 

In Fig. 1(B) are indicated the con 
ditions that prevail the instant imme- 
diately after the velocity of the entire 
mass of fluid is reduced to zero and 
no kinetic energy is available to main 

1 the state of supernormal pressure 

At this instant, the pressure of the 
lamina of fluid at Z immediately re- 


to rest; 


density than 
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Absolute zero pressure 


turns to normal, the pipe wall sur 
rounding this lamina contracts to nor, 
mal size, and the fluid in this lamina 
expands. 

A wave of pressure decrease pro- 
ceeds from Z to X with a velocity a, 
while fluid stored in the space cre ated 
by the earlier expansion of the pipe 
and compression of the fluid, Fig. 
1(A), is discharged upstream with 
velocity —V. After 2L/a sec, the 
pressure wave reaches the closed valve, 
the entire pipe is returned to normal 
size, the fluid is expanded to its nor 
mal density, the hydrostatic pressure 
throughout the pipe is normal, and the 
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column XZ fluid flows toward Z 
with —V velocity. 

In Fig. 1(C) are indicated the con 
ditions that accompany the flow of 
fluid toward Z. As a result of the 
fluid inertia and velocity in the re- 
versed direction, the fluid tends to 
separate from the end of the pipe 
at X. The hydrostatic pressure of the 
lamina of fluid immediately adjacent 
to the closed valve drops to subnor 
mal, the velocity of the lamina is 
reduced to zero, the pipe contracts, 
and the fluid expands. 


A wave of subnormal pressure then 
proceeds upstream with velocity a 
while adjacent laminas of fluid are 
successively brought to rest. After 
3L/a sec, the pressure wave reaches 
the upstream end of the pipe at Z 
the velocity of the entire column of 
fluid is reduced to zero, the pipe wall 
is contracted throughout its length, th 
fluid is expanded to a density less than 
normal, and the pressure 
the pipe is subnormal 


throughout 


In the lower view of Fig. 1(C), 
the total column of fluid is shown at 
rest again, the static pressure of the 
lamina of fluid at Z, Fig. 1(D), im 
mediately returns to normal, the pipe 
wall expands to normal size, aad 
the fluid compresses. A wave of nor 
mal pressure proceeds from Z to X 
with velocity a, while fluid flows with 
velocity V into the space created by 
the expansion of the pipe and com 
pression of the fluid 

After 4L/a sec, the 


pressure wave 
reaches the 


closed valve, the entire 
pipe is returned to its initial size, the 
column of fluid is compressed to its 
initial density, the hydrostatic pressure 
is returned to normal throughout the 
pipe, and the fluid in the pipe flows 
toward the closed valve with velocity 
V. These events complete a cycle of 

pressure which the pressure 
back to 


trom and 


wave in 
from and 


j 


is reflected away 


travels 
then 
returns to valve 


wave 
valve, 


away 


Instantly another similar cycle 
If there were no 


starts 
resistance to flow 
would con 


1 
indefinitely 


the surge me ymenon 
tinue to repeat its lf 
undiminishing 


with 
intensity. As a result 

hydraulic friction, 
energy is dissipated 
initial velocity V decreases 
throughout the cycle 
of the petens surges, therefore, suc 
ew diminishes until the 
tions eventually are 


however, some 


into heat and the 
slighth 


The amplitude 


oscilla 
damped out 

The following analysis of pressur 
in hydraulic pipe 
company 


surge lines that a 
rapid and gradual val 
closure is based on the for: 


cept of the behavi 


going 


r of pressure waves 


J5 





RAPID VALVE CLOSURE 


In a hydraulic system, when the 
velocity of the flowing fluid is changed 
by opening or closing a valve, pressure 
result. The amplitude of the 
pressure surge is a function of the rate 
in velocity of the 


surges 


f 


of change mass of 


fuid 

A pipe through which fluid is flow 
ing with a velocity of ] 
Fig. 2. When the at the end of 
the pipe is closed rapidly, the kinetic 
energy of the fluid 
is changed into pressure energy. A 
sudden rise in pressure in excess of the 


IS show n in 


valvc 


mov ing mass ol 


normal static pressure thus results 


Where 


A T = increment of 
valve, se 


time in closing 


decrease in veloci 
A T, ft per se« 
resulting pressure 
mass of fluid the 
which is changed 
cross-sectional wrea 


Sq in 
then Newton's second law gives 


ApA - m (AV; AT), lb $ 


Force 


in which the 
that an increase in 
to a decrease in l V 


negative sign indicates 


p corresponds 


If the velocity of the mass m could 


be reduced from V to zero instan- 


taneously, the pressure resulting from 
the instantaneous change 
i 


would lx practice, 
} 


h an instantaneous change is 


in velocity 
infinite. In how 
ever, suc 


impossible to achieve, and during the 


time of valve closure a series of 


pres 
sure waves is created that travel back 


and forth between the extremi 


pipe 
E 
ties 


When 


before the first pressure 


effected 
has tim 


that 


omplete closure is 
NAVE 


o return to the valve, 
1 


closure is effected in le 


required for the wavy 


time 
one round trip between the 


tremities, the resulting pressure r 


is the same as if the valve had be 


n 


instantancously closed except for th 


f 
ompressibility of th 


effect of the 
fluid and the 
This type ( 

rapid closure and 
the closing time 7 


than 2L /a seconds 


elasticity of the pipi 


f closure will be referred 


to as 


occurs W he n 


INELASTIC PiPI 
in Fig. 2 is 
compressible 


Assun pipe 
inelastic, that the fluid is 
and that the valve clo 
kinetic et 


ergy of the moving mass of fluid then 


sure is instantaneous. The 


is changed into, pressure 


the fluid column of 


prc ssed th 


J^ 


energy, and 
length L is com 


i mount I by the averag 


Fig. 2—Fluid column in pipe is com- 
pressed when valve is closed rapidly. 


F of the force F produced 
pressure surge of amplitude 
, Or 


vo 


trom which 
Al ApL, k 7 


The work Wy; required to com- 
press the column of fluid the amount 


L is 


Ap)? AL 
2A 


Then neglecting the small amount 
of energy that is dissipated in heat 
during this process, the energy equa- 
tion becomes 


The value of p as given by Eq 
(10) is the amplitude of the pressure 
wave that from the rapid 
change in the velocity of the fluid from 
V to zero in an inelastic pipe 

Substituting in Eq (4) the value of 
the mass of fluid the velocity of whicl 


results 


s changed, it follows that 
1 £L.144 
/ 144 Apgq'y / 


In time T, the column of fluid of 
length L is compressed into the length 
L minus A L and a wave of compres- 


sion therefore travels the length L in 


that time. Since the column of fluid 
is compressed L in time T, 


AL=TV 13) 


Equating Eqs (7) and (13) and 
solving for A p, then substituting the 
value found for A p in Eq (12) and 
solving for the ratio L/T, 


12v/g K/*v 14) 


But L/T is the velocity a of the 
compression wave traveling upstream 
the distance L in time T, hence 

a 124/g K/y 68.094 V K/y (15 

Referring to Eq (2), it is evident 
that a in Eq (15) is also the velocity 
of sound in a medium of specific 
weight y and bulk modulus K, there- 
fore, if the pipe were inelastic the 
velocity of the pressure wave would 
equal that of sound in the fluid 


ELastic Pipe. Assume that the pipe 
shown in Fig 3 is elastic, that the 
fluid is compressible, that the valve is 
closed rapidly such that T 2 hse 
and in this time the velocity of the 
fluid is reduced from V to zero. 

In addition to the work done in 
compressing the column of fluid the 
amount L as evaluated by Eq (8), 
work is expended in expanding the 
pipe walls. The work Wap, done 
in expanding the pipe is the product 
of the average unit stress (psi), the 
cross sectional area of the pipe wall 
(sq in.), and the maximum circum- 
ferential elongation of the pipe wall 
(ft), or 


A pD 
WaD Ev 
2x21 


1 DL/2Et 16 


Neglecting the energy stored in the 
pipe as a result of longitudinal elonga- 
tion and also neglecting the energy 
dissipated in heat, and denoting the 
pressure stored in the 


energy com- 


-=-= ~= Elongation 





t g 


ko 


Fig. 3—Elongation of the pipe when the fluid velocity suddenly becomes zero. 


Product Engineering 


1954 Annuc! Handbook 





J HYDRAULIC AND PNEUMATIC EQUIPMENT 


bed cemslienenials 
Bulk modulus K = 250,000 psi 
Specific weight P *52 Ib per cu ft 


Bulk modulus K+ 300,000 psi 
| Specific weight ?* 62 42 Ib per 


> 
Q 
© 
© 


a, Velocity of pressure wave , ff per sec 
o 
Oo 
©) 
C2 


o,Velocity of pressure wove, f! per sec 


40 60 80 100 120 140 20 40 60 
07t; I.D. of pipe / wall thickness O/t; 1D. of pipe /woll thickness 


Fig. 4—Velocity of pressure wave in oil column in 
pipe of different diameter to wall thickness ratios. 


pressed column of fluid by W 
the energy equation becomes 


m V?/2 


Wat + Wap 
y¥ALV? A pyr AL 


or 


68.094 y I 
144g V yi{(1/ K) + OD/E 0] 


When T < (2L/a), the value of 
X p given by Eq (17) is the ampli- 
tude of the pressure wave resulting 
from a rapid valve closure 

After a small closing movement of 
the valve, a pressure wave travels 
from the valve upstream with velocity 
a. In any differential element of time 
dT, this wave will have a differential 
pressure rise d/\p, and the wave will 
have traveled a distance 


17) 


L a d T 


In addition, from Eq (4) 


which reduces to 


d 
144 9 


between 


locity I 


Integration of 
the limits of the 


Eq (18) 
normal 


Product Engineering 


and the reduced velocity Vg that re 
sults from partial valve closure gives 
the maximum pressure rise; hence 


ya 


V Vg 19 
144 g 


Where p the normal static 
pressure immediately upstream of the 
valve and p,,x denotes the maximum 
pressure 


denotes 


PMAX p d A p 20 


If the velocity is changed from V 
to zero, the amplitude of the pressure 
wave is 


A p = ya V/144g 21 


Equating Eqs (17) and (21) gives 


68.094 
yi(1/ K)+ (D/Ed} 

The value of a given by Eq (22) 
is the velocity of the pressure wave 
when both the fluid and the pipe are 
onsidered elastic. 

The charts, Figs. 4 and 5, which 
ire based on Eq (22), give the veloc 
ity of the pressure wave versus D 
ratios for an oil column and water 
column and pipe of different mate 
rials. The application of the charts 
and the foregoing equations is dem 
onstrated by the following examples 


EXAMPLE 1 
weight of 5? 


Oil with a specific 
Ib per cu ft and a bulk 
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Fig. 5—Velocity of pressure wave in water column 
in pipe of different diameter to thickness ratios. 


modulus of 250,000 psi flows at the 
rate of 40 U. S. gpm through a stain 
pipe The pipe is 4O ft 
long, 1.5 in. OD, 1.402 in. ID, 
0.049 in. wall thickness, and has a 
modulus of elasticity E of 29 109 
psi. The normal static pressure im 
mediately upstream of the valve is 
500 psi absolute. When the flow is 
reduced to zero in 0.015 sec by closing 
a valve at the end of the pipe, what is 
(A) The velocity of the pressure 
wave; (B) the period of the pressur: 
wave: (C) the amplitude of the 
wave; and (D) the 
mum static pressure at the valve 


less steel 


pressure maxt 


SOLUTION 


(A) From Eq (22), the velocity of 


the pressure wave Is 


68.094 


152 [(1/25 X 10*) 4 


N (1.402/29 x 10* 


4228 ft per sec 


0.049] 


Alternate solution using Fig. 4 


D/t l 


102 /0.049 28.6 


For stainless steel pipe having 

* 28.6, the velocity 

pressure wave is 4228 ft per sec 

(B) The time for the pressure wa 
to make one round trip between the 
pipe extremities, or one interval, is 


ration. ot 


1228 0.0189 sec 


of the pressur wave ıs 


J 























































































































































































































































































































































































2 X (2L/a)= 2 X 0.0189 = 0.0378 sec 


(C) Since the time of 0.015 sec for 
valve closure is less than the interval 
time 2L/a equal to 0.0189 sec, the 
pressure surge can be computed by 
Eq (21) for rapid valve closure. 


The velocity of flow is 


10 x 231 X 4 
60 X x 1.402? x 12 


= 8.3 ft per sec 


The amplitude of the pressure wave 

from Eq (21) is 
52 x 4228 x 83 
Ap 393.5 psi 
144 x 32.2 

(D) The resulting maximum static 
pressure immediately upstream of the 
valve from Eq (20) is 


PMAX 500+ 393.5 893.5 psi abs 


EXAMPLE II. What would be the 
pressure rise in Example I if the pipe 
was aluminum instead of stainless 
steel ? 


for alumi- 
ratio of 28.6, 


SOLUTION: From Fig. 4, 
num pipe having a D/t 
the velocity a of the pressure wave is 
3655 ft per sec 

The time for one interval of the 
pressure wave is then calculated from 


2L/a 2 10/3655 0.02188 sec 


Since the time of 0.015 sec for 
valve closure is less than the interval 


When the closing time T is greater 
than one interval 2L/a, the pressur. 
wave is reflected from the valve and 
travels again upstream with the ve 
locity a. The number of pressure wave 
intervals during the time T of valve 
closure is 


\ 


2I 23 


and the amplitude of the pressur 


ive during any interval is propor 
onal to the decrease in velocity dur 
ing that interval. The total pressur 
change at any instant during the clos 
ing of the valve is the sum of the 
amplitudes (positive or negative) of 
the pressure waves produced up to 
that time. The fluid velocity Vn 
any pressure wave 
normal velocity V 


during 

interval is the 
minus the sum of 
the decreases in fluid velocity in th 
preceding intervals 

If during the wth interval the d 
crease in velocity is A. Vn, then 
accordance with Eq (19) the increas 
in pressure during the nth interval is 


Js 





GRADUAL VALVE CLOSURE 





time 2L/a - to 0.02188, the pres- 
sure rise can be computed by Eq (21) 
for rapid valve closure. 

52 x 3655 X 8.3 


Ap= 144 x 322 = 340.2 psi 


and the resulting maximum static pres- 
sure at the valve is 


pmax = 500 + 340.2 = 840.2 psi abs 


EXAMPLE III. What would be the 
pressure rise in Example I if the flow 
medium were water having a bulk 
modulus K of 300,000 psi and a spe- 
cific weight of 62.42 Ib per cu ft? 


SOLUTION: From Fig. 5, for a stain- 
less steel pipe having a D/t ratio of 
28.6, the velocity a of the pressure 
wave is 4147 ft per sec. 

The time for one interval of the 
pressure wave is 


2L /a 2 X 40/4147 0.01929 sec 


Since the time of 0.015 sec for 
valve closure is less than the interval 
time 2L/a equal to 0.01929, the pres- 
sure rise can be computed by Eq (21) 
for rapid valve closure. Therefore, the 
pressure rise where the flow medium 
is water 1s 

62.42 X 4147 X 8.3 
Ap = 463.4 psi 
; 144 X 32.2 
and the maximum static pressure at 
the valve is 


Puax = 500 + 463.4 963.4 psi abs 


Ap ya/1449) AV, 24 


and the velocity of the fluid after the 
nth interval is given by 


n which p is the normal static pres- 
sure immediately upstream of the 
valve before valve closure when the 
fluid velocity is V, and ¢, is the flow 
coefficient of the valve at the nth in- 
terval, and pa is the static pressure 
immediately downstream of the valve 

The sum of the terms included in 
parentheses under the radical sign in 
Eq (25) represents the static pressure 
mmediately upstream of the valve 
when the fluid velocity is V,. The 
second term in these parentheses rep 


resents the pressure rise, which is 


Product 


equal to the algebraic sum of the am- 
plitude of the pressure waves, or 


i=1 
y A P: = A Pa — A Pahi t 


i =n 
A Pa-2 — APn-3 + — 
In Eq (25), the term and its evalu- 


ation that represents the total decrease 
in velocity in » intervals is 


i=n ; s , 
) AVi =AVitAVe2t 


i=] 
7 


A V: +4 +AVn (27) 


t+ Ap, (20) 


The value of the factor n depends 
upon the rate of change in the area 
of the throttling orifice and in the 
change in the coefficient of discharge 
Cp. If the area of the throttling ori- 
fice before closure is A, and the cross 
sectional area of the pipe is A, the 
volume rate of flow O 1s 


AV Cp A 
144 144 


144 (p — p 
N 29 p 


From Eq (28) the fluid velocity is 


| 124/29g/v (A,/A)UpN/p — pa 
29 
which can be written in the form 
V-oéwvVp-—p 30 


hence 


on 12 Cyn (An/A) V 29/7 


Va x Pp Par 32 


For the nth interval, if the closing 
velocity of the valve and the rate of 
decrease in orifice area are uniform, 
and Cp is constant 


$ 1 — » (2L/aT))e 34 


With a value for œn» determined 
from Eq (34), the pressure rise at 
any instant during the closing of the 
valve can be computed by solving Eqs 
(24) and (25) simultaneously 

The value of $^ as given by Eq 
(34) is applicable only to uniform 
valve closure, that is, when the clos- 
ing velocity of the valve and the de- 
crease in orifice area are uniform. In 
practice, uniform valve 
rarely attained 

The mathematical method pre 
sented, however, may also be applied 
to nonuniform valve closure because 


closure is 
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p,*p *Z| = api, Maximum static pressure, psi (ABS) 
Va Fluid velocity, ff per sec 


| 0015 002 003 004- 006 008010 
Fig? T Time of valve closure, sec 
o i 2 3 c 9 
N:T/(2L/0) , Intervals 
o 0.0189 00378 00567 00756 00950 
fig 6 T, Time of valve closure, sec 
f 
Fig. 6—-Plot of the solution of Example IV giving e 
the static pressure immediately upstream of the 
valve and fiuid velocity during valve closure. 
Fig. 7—Pressure rise for different times of valve 
closure, Example 1, in stainless steel pipe with oil 
and water as flow mediums. 
I 2 3 4 5 
Fig. 8—Values of valve coefficient O,, Example IV, N= T/(2L/o), Intervols 
at different times of valve closure; also a typical 00189-^- 00378 00567 0756 UO95O. 
curve for nonuniform valve closure. Fig 8 T Time of valve closure , sec 
the factor $» appearing in Eq (25) _ terval, as calculated Exam] [, is 8 3/./500—14.7=0.377 
and defined by Eq (32) is a function 0.0189 sec. Then from Eq (2 
of the closing characteristics of the total number of intervals "ver First Int i 
| valve. If great accuracy is r quired, it which valve closure occurs i I he first I )) g 
may be necessary to conduct a study m 
of the hydraulic and mechanical clos V 7 0.095/0.0189 ie - 
ng characteristics of th« Spe fic valy As comput | from I pag 1 by Eqs H) and { 
to determine the proper value of ¢ 147, Product Engin April 1951 ng are respectively obtained 
with relation to th losu Calculating the Energy Losses in Hy id 
draulic Systems", the pr loss in = : 
EXAMPLE IV: To demonstrate th the pipe at a flow S as 
applications of the equations for grad gpm is about 4 Since is loss 
ual valve closure, assume that in Ex- is small, the normal static pressur 17.4 24A 
ample I the valve closure is uniforn of 500 psi abs immediately trean 2 
and that closure takes place in 0.095 of the valve may z 
sec, and that the pressure pa down constant regardless of tl 0.302 V (90 : 
stream of the valve is atmospheric or velocity during tl h | iA A 
14.7 psi abs. Find the resulting pres valve 
sure ris As previously d 8 
ft. per sec, then th u : — n 1.25 it 
SOLUTION: The time 2L /a of one in Eq (31) is 
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4pj, Pressure rise ,psi 
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and from Eq (25A) the fluid velocity 
for the first interval is 


Vi V A Vi 8.30 — 1.25 = 
7.05 ft per sec 


The decrease AV, of 1.25 ft per 
sec, therefore, results in a pressure rise 
A p, of 59.30 psi during the first in- 
terval, and the static pressure immedi- 
ately upstream of the valve increases to 
59.30 


500 


A p 


559.3 psi abs 


P p 3 


Second Interval: 
For the second interval the value of 


1 — (2/5)}0.377 = 0.226 

At the beginning of the second in 
terval, the first pressure wave of am- 
plitude +-59.3 psi will have returned 
to the valve as a wave of subnormal 
and will the static 
pressure during the second interval by 


that amount. By Eqs (24) and (25) 


pressure reduce 


17 415 Al 24B 


V. 8.30 


v 500 


Solving Eqs (24B) and 25B) simul- 


taneously 
^T 8.262 


6.349 


1.91 


17.415 x 1.91 90.56 psi 


t per s 


l Al 
1.91) = 5.14 ft per sec 


and the static pressure immediately 


upstream of the valve becomes 


p 


500 


00.56 


531.26 psi abs 


a similar manner, corresponding 
an be computed for the third, 
fourth, and fifth intervals. The values 
thus obtained are plotted in Fig. 6 


The maximum pressure being 559 psi 


\ alue S ¢ 


abs during a closing time of 0.095 
The 
valve 


T 


In Example I, 
V ive 


intervals 
from a 


sec or 5 pressure rise 


resulting closure of 
s only 
the time of 
0.015 sec, thc 

The pressure rise for different times 


Fig 


0.095 sec s9 ps! 


wherc closure is 


pressure rise is 393 psi 


of valve closure are shown in 


the stainless steel pipe, 
1 


} 
as mediums 


I 
I, with oil and 
the 


1 
Valve 


wat 


Values of valve coeffi 


versus time of closure 
in the preceding exampl 
Fig. 8. The 
(32) afte 
: 
and thc 
have been determined 
for the specific valve. In Fig. 8 is also 


shown 


curve 
trom 


f +} 
values or the 
orifice i 


area coefficient of 
discharge Cp, 
| typical curve for nonuniforn 


Jo 


COMPOUND PIPE LINE 


In a compound pipe line consisting 
of several sections of different diam- 
eters as shown in Fig. 9, the equiva- 
lent fluid velocity and the effective 
velocity of the pressure wave can be 
determined as follows. 

Where 


LL L, length of each section of 
pipe of constant dia, ft 

velocity of pressure wave 
in the respective 


sections, ft per sec 


pipe 


the 
ft per sec 
velocity of fluid in the re- 
spective pipe sections, ft 


velocity of 
pressure wave 


etiective 


per sec 
equivalent fluid velocity, 
It per sec 

rate of flow 


U.S 


in respective 
gpm 

inside diameter of respec- 
tive pipe, in 


seetion 


The fluid velocity in an individual 
pipe IS 

V 0.4085 G,,/D,? 35 
and the equivalent fluid velocity Vg 
in the compound pipe line is 


Lah 
Ln 


36 


The effective velocity ag of the pres- 
sure wave in the compound pipe line 


I5 


(37) 


Li/a3) + (Le/a2) Lafan) 


EXAMPLE V. Assume that the pipes 
shown in Fig. 9 are stainless steel and 
the wall thickness ¢ of each one is 
0.049 in.; that the medium is water 
and the rate of flow is 40 U. S. gpm; 
and the lengths of the pipes are 


I 25 ft; Le 15 ft; L 10 ft 


id that the inside diameters of the 


pipes are 


D, = 1.402 in.; D, — 
D3 = 0.902 in. 


1.152 in.; 


What is the equivalent fluid velocity, 
and what is the effective velocity of 
the pressure wave ? 


SOLUTION: For pipe I: 


D;j/t 1.402 /0.409 28.6 


from Eq (35), the fluid velocity is 


Vı = 0.4085 x 40/1.402? 


per sec 


= 8.3 ft 


for these values, Fig. 5 gives the 
velocity of the pressure wave in pipe I 
as 
a, = 4147 ft per sec 
For pipe II: 
D; /t» 1.152/0.409 
from Eq (35) 


Vs — 0.4085 10/1.152? — 12.3 ft 


per sec 
and from Fig. 5 
a3 1234 ft per sec 


For pipe III: 


ce dure 


Using a similar pro- 


Va 20.1 ft per sec 


a3 1326 ft per sec 


For the compound pipe line: from 
Eq (36), the equivalent fluid velocity 


15 x 12.3 + 10 
25 +15 


11.9 ft per sec 


x 20.1 


and from Eq (37), the effective ve- 
locity of the pressure wave is 


25 + 15 + 10 
25/4147) + : + (10 
1209 ft per sec 


1326 


PRESSURE SURGE SUPPRESSION 


Pressure surges can be minimized 
by increasing the overall elasticity of 
the hydraulic system by installing a 
sealed pressurized air chamber (ac- 
cumulator) in the hydraulic circuit as 
shown in Fig. 10. In such a circuit 
is closed, the kinetic en 
ergy of the flowing fluid is dissipated 
n compressing air in the suppressor 
Thus, a gradual deceleration of the 
fluid takes place, regardless of the 
rapid closing of the valve, and pres- 
sure surges of small amplitude result. 
Since the pressure wave originates 
diately upstream of the 


as the valve 


valve, 


Product 


the surge suppressor to be most effec- 
tive should be as close to the valve as 
possible on the upstream side 

For rapid valve closure, Eq (17) 
indicates that amplitude of pressure 
wave is of the same magnitude re- 
gardless of increase in the length of 
the pipe line, and depends only on the 
total change in velocity of the flowing 
fluid, and on the velocity of the pres- 
sure wave. When a pressure relief de 
vice such as a sealed air chamber is 
used, however, the length of the pipe 
line is of utmost significance because 
the total mass of fluid flowing in the 
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pipe determines the kinetic energy that 
is to be dissipated in compressing the 
air in the surge suppressor. 

Upon closing the valve the column 
of fluid, because of its inertia, con- 
tinues to flow into the sealed ait 
chamber with diminishing velocity. 
The air is thus compressed, and the 
increase in pressure acts as a decelerat- 
ing force upon the mass of flowing 
fluid. The we reduces surge pres- 
sure with time much like that result- 
ing from gradual valve closure. 

The action of the elastic air cham- 
ber results in a slow primary pressure 
oscillation. 


Where 
V Ap = Volume of air at pressure p 
cu in. 
UApmaz = VOlume of air at maximum 
pressure P maz, CU in. 
T — period of oscillation of air cushion 


in a sealed chamber, sec 


If both the pipe and the fluid are 
considered to be inelastic, the period 
7 Of oscillation of the elastic air in 
the chamber is 


> 


r — 0.1512V/ «y L v4,/A pg 38 


Fluid and pipe, however, are elas- 
tic and rapid secondary oscillations 
occur as previously discussed. With a 
surge suppressor in the system, the 
following mathematical approach gives 
results of sufficient accuracy. 

Assume that the valve in Fig. 10 
is closed rapidly and that the — 
of the fluid is decelerated from V 
per sec to zero in T sec. If the uin 
velocity during the time of decelera- 
tion is taken ap proximately as V/2, 
then the volume of fluid entering the 
surge suppressor may be equated to 
the change in air volume, or 


6VAT 39 


The following relationship between 
air volume and pressure also exists, 


Fig. 10—Sealed air chamber in- 
stalled in hydraulic circuit to re- 
duce amplitude of pressure surges. 
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VAp maz UA; /z (40) 


P/P maz 


in which 


Pmaz = PEAP 


The value of x in the exponent is 

1 for isothermal compression, and 

about 1.4 for adiabatic compression. 

Substituting the value of v45445 as 

given by Eq (40) in Eq (39), the 

required air volume at the normal 
static pressure P is 

6VAT 
UA; = l - (p P mes)? " 41) 


When the value of T for a given 
pressure rise is obtained from Fig. 7, 
Eq (41) includes the effects of elas- 
ticity of pipe and fluid. 

In the magazine Nenth (Water), 
Jan. 1939, W. L. Borendans gives the 
following approximate formula for 
the air volume assuming pipe and 
fluid inelastic, isothermal compres- 
sion of the air, and rapid closure: 


VAp 
LA V* 2 
24 g pi P/P max l T loge P maz p)} 
The results obtained when using 
Eqs (41) and (42) are of interest. 


EXAMPLE VI. Assume that in Ex- 
ample I, an air chamber type surge 
suppressor, as shown in Fig. 10, is to 
be used to limit the pressure rise to 
90 psi. Find required air volume? 


SOLUTION: As given in Example I, 
the normal static pressure p is 500 psi 
abs, the velocity V of the fluid is 8.3 
ft per sec, and the cross sectional area 
A of the pipe is 1.544 sq in 

From Fig. 7, 0.064 sec is time T 
required for valve closure, or time 
required for deceleration of the fluid, 
that results in a 90 psi pressure rise 

The maximum static pressure is 


Pmaz = 500 + 900 590 psi abs 


a Volume of oir at ; 
3 i 
pressure p* Ap . 


Fig. 9—Compound pipe line that con- 
sists of sections of different diameter. 
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Substituting in Eq (41) and as- 
suming isothermal compression, where 
x equals 1, required air volme is 


6 x 83 X 1.544 X 0.064 


PA, = = 2 
j 1 — (500/590) 
= 32.2 cu in. 
Assuming adiabatic compression, 


where x equals 1.4, the required air 


volume v4, is 44.1 cubic inches. 
Using Borendans' equation, the re- 
quired air volume v4, is 44.4 cu in. 


CONCLUSIONS 


The maximum amplitude of the 
pressure wave immediately upstream 
of a rapidly closed valve, that is, when 
T is equal to or less than 2L/a, is di- 
rectly proportional to the total change 
in fluid velocity and to the velocity 
of the pressure wave. 

When the condition expressed by 

2L/a exists, the amplitude is not 
od by a change in the length of 
the hydraulic line. 

When the condition expressed by 

»2L/a exists, the amplitude of the 
ned wave increases with increas- 
ing line length. 

The amplitude of the pressure wave 
may be reduced by: (1) Increasing 
the time of valve closure, thus increas 
ing the number of pressure wave in 
tervals; (2) increasing the pipe diam 

eter, thus reducing the fluid velocity 
and (3) decreasing the thickness of 
pipe wall and using pipe made of a 
nanana having a lower modulus of 
elasticity to reduce the velocity of the 
pressure wave; and (4) installing a 
surge suppressor in hydraulic circuit 

The air chamber type suppressor is 
the most efficient means of limiting the 
pressure surges to reasonable design 
values 

Any increase in the overall elasticity 
of the hydraulic line will reduce the 
amplitude of the pressure waves. 


Sealed oir chamber + 
q4—— 






ES c 


* 
Volume of air 
at pressure p 































































How to Use Air Motors 


THERE ARI 
using an 


THREE 
air 


MAIN REASONS 
motor as a 


ror 
source oO! 
power 

1) Environment. In explosive or 
gascous atmospheres it is used instead 
of a more expensive, or larger, ex- 
plosion-proof electric motor. In moist 
humid atmospheres where electric mo 
tors are subject to fungus attack and 


orrosion, it 


will operate relatively 
And be 
is usually not 

) 


trouble free ause maintenance 


a problem, it 
In inacce 


can be 
ssible locations where 
is spotty or infrequent 
When 
notor it 1s possibl to vary speed 
peed (the no-load 

merely changing the 

to the n Th 


2») Speed control using an 


otor 
ntrol 
ontrois 


b 1 
VUUILS 


abi )ut 


devices 


hese cast ter on 
irn out Dy overioad 
«1 
i 


1 f ted 
VI 


Description of the commonly-used types of air motors 


including radial-piston, axial-piston, multi-vane and air turbine. 


Typical applications and performance characteristics. 


to the end product, the air motor is 
ot injured by stalling. 

* They start and stop positively. 

* They have consistent torque output 
that can be changed by varying air 
pressure 

Although air motors are often com- 
pared to electric ones and the method 
of selecting each is similar, air power 
cannot replace electric in every ap- 
plication. These limitations are typical: 
1) Compared to electric, air motors are 
nefficient. It takes an input of about 
live hp to the compressor to produce a 

otor output of one hp. 2) Air motors 
ure rarely practical in sizes greater than 
0 hp. Their most efficient range: 1/20 


'O hp. 3) Initial costs are high. In 


larger sizes—above one horsepower 
pneumatic power units cost up to five 


times equivalent electric ones. 
Selection Factors 

When selecting an air motor, the 
first factor to be considered is the 
j intermittent or con- 
tinuous. The great majority of appli- 
cations have a low load cycle; the mo- 
tors are used for only a few seconds 
continuously and have long off duty 
periods. The duty cycle will usually de- 
termine the type of motor and the size 
of compressor that must be used 

The next factor is the horsepower 
and the speed at which it is to be de- 
livered. Performance like 


type of duty cycle 


I 


curves, 


Fig. 1—Performance curve of a typical air motor. Note how a built-in governor 
ean change the shape of the curve by limiting maximum speed. 





Roted performance 


Speed RPM 


_Horsepower 


Governor 
,Ccontrolled 
7 curves 


t 
Free speed 
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Fig. 2 (A) —Five cylinder pis- 
ton type radial air motor 
which is used in sizes from 
about 2 to 22 hp and at 
speeds from 85 to 1,500 rpm. 


(Gardner-Denver Company) 


Fig. 2 (B)—How five cylinder 
air motor distributes power 
impulses. Two cylinders are 
always on a power stroke at 


any instant. 


(Gardner-Denver Company) 


Table I—Effect of Air Pressure on Motor Performance 


Rated Hp 


Motor Style 
No 


At 60 psi x. 3.2 
At 80 psi : 4.4 
At 100 psi 3.: 5.9 


Fig. 1, are characteristic of a manu- 
facturer's design. Curves can be varied 
to some degree by using governors 
or by modifying the air intake or ex- 
haust ports, but the basic shape depends 
on the fundamental design. Generally, 
air motors have a dome-shaped horse- 
power-speed curve. It is common prac- 
tiec to rate them at the maximum out- 
put. 

Air pressure and the quantity of air 


6.4 0.4 
9.0 12.5 
11.0 


RPM at Rated Hp 


1,200 
1,250 
1,300 


1.100 850 800 
1,200 950 900 


16.2 1,250 | 1,000 900 


delivered also affect the performance 
It is necessary that there be sufficient 
pressure and air to operate the unit 
at the specified output and speed. How 
pressure affects speed and output is 
iliustrated in Table I. Fractional horse 
power units may be rated at 30, 60, 80, 
or 90 psi. Integral horsepower units are 
most frequently rated at 90 or 100 psi. 

Other factors that may influence the 
choice of type or size: dimensional 
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900 


2 
950 2, 2,170 
2 


1,000 


030 1,900 
1,900 


2,100 


1,600 
l ,800 


,230 2.000 


Gardner-Denver Company 


space available on the product and any 
weight limitations imposed by the ap- 
plication 


Kinds of Air Motors 


The duty cycle and the hors: power 
required usually determine which of 
the two main types is selected: For con 
tinuous heavy-duty service—the radial 
'iston type (Fig. 2) because it needs 


t 
| 
less maintenance. For intermittent duty, 


Ji 





— ^ . th IT 2 T Di 
able II—Performance of Fractional Hp Air Motors x multi-vane (Fig. 3) or axial-piston 
-Multi-Vane Type units (Fig. 4) 


Radial Piston. In the radial piston air 

At 30 Pat At 60 PSI At 80 PSI motor, four or five cylinders are mount- 

ed around a crankshaft in the same 

— manner as thc cylinders of a radial 

RPM i Ait Air gasoline engine. Five are usually pre- 

Betta. ette tine fratii ferred to supply more horsepower with 

HP CFM CFM evenly distributed power pulses. In such 

a unit there are always two cylinders 

inte Mii aM aan tae ani ne a aa having a power stroke at the same time 

ee ae oe A In any cylinder, the operation is 

saat m : similar to what occurs in a steam engine 

, cylinder with one major exception: the 

n | Es ins p i : air is not expanded to any appreciable 

; 2 extent. During about 90 percent of 

à piston travel, the air remains at inlet 

hy Me 7 10.1 pressure. Expansion means cooling; any 

: 2 8 large-scale expansion would freeze the 

water vapor found in compressed air 
and ice would clog the motor. 

Such motors are usually slow speed 
units, ranging from 85 to 1,500 rpm 
They are suited for heavy duty service 
up to 20 hp where good lugging char 


500 


035 
1,500 090 


3,000 } 155 
4.000 


6,000 202 8.1 300 10 


Gast Manufacturing Company 


Fig. 3—Typical multi-vane type air motor, available in fractional hp sizes and 
up to 10 hp. 


Gast Manufacturing Company) 


acteristics are needed. They are not re 
versible, although reversible models are 
available at extra cost 


Axial-Piston. A more compact design 
that requires less space is the main ad- 
] | 


v 


h 


n 
aM 


vantage of the four or five cylinder 
axial-piston air motor. Air drives the 
pistons in translation; a diaphragm- 


j 
ha 


UL 


type converter changes the translation 


~ 
`~ 
E 
S 
= 
E 
= 
= 
M 
=~ 
= 
= 
a. 


into rotation. This arrangement supplies 


[/ 


high horsepower per unit weight 


Axial-piston type motors are avail 
able in sizes from 1^ to 254 hp. They 
run equally well in either direction. To 
make the motor reversible, a four-way 
air valve is inserted in the line 


Multi-Vaned Motors. 'The multi-vaned 
units, for applications from a fractional 
hp to 10 hp, are relatively high speed 
units that must be geared down for 
usable speeds. Since a major advantage 
s their light weight and small size, the 

Fig. 4—Four- or five-cylinder axial-piston motor available in sizes from Vy? 10 &C2rIng Can become an important factor 
234 hp is dimensionally smaller unit than similar output radial piston units, — !^ the final weight of a unit when a 
(Keller Tool Company) slow speed drive is required 

There is usually an odd number of 
vanes used—most frequently five or 
seven—to obtain continuously smooth 
generation of power. When the unit 
gets up speed, centrifugal force acting 
on the retractable vanes presses the 
vanes against the walls of the chamber 
to provide sealing 

Displacement of the vane-type motor 

the volume measured from intake to 
exhaust valve—supplies an indication 
of the maximum output. Unfortunately 
ill manufacturers do not supply this in- 
formation so motors are usually speci 
fied by measured hp output 

These motors may be reversible or 
non-reversible, the latter costing more 


Diaphragm converts 
piston translation 
to rotation 














et hf ee OL t LÁ 













than the former. When using a non- 
reversible motor it is necessary to spe- 
cify the direction of rotation 


Air Turbine Motors. When fractional 
horsepowers are required at exception 
ally high speeds—from 10,000 to 
150,000 rpm—air turbine motors are 
an economical source of power. They 
are tiny impulse reaction turbines in 
which air at pressures around 100 psi 
impinge on buckets for driving force 
Force feed automatic lubrication sprays 
a fine film of oil on to bearings con 
tinuously, minimizing maintenance. 


Applications 


Applications for this type power 
stem from the operating characteristics 
The consistent torque output and the 
fact that stalling will not injure the 
motor permits stall- torque app ;lications 
In nut runners or air wrenches, the 
exact torque to be applied to a bolt or 
nut can be determined by proper choice 
of air motor and air pressure. The mo- 
tor will apply the proper torque every 
time, stalling when it has reached the 
specified limit. 

Light weight makes air motors popu- 
lar sources of power in hand tools: 
saws, screw drivers, riveters, etc. The 
air turbine motors are used to power 
hand grinders, particularly the high 
speed type used to finish precision dies 

Accurate speed control without com- 
plicated controls is the main reason 
such units are used in cranes and hoists 
An operator can vary the speed of lift 
and travel merely by controlling the 
flow of air with a hand valve. 

Positive starting and stopping com 
bined with reversibility is an im- 
portant factor in operations such as 
opening and closing valves. Air motors 
are frequently used to remotely control 
valves on gas lines (also because of the 
no sparking feature). 

When using Table III, it is im- 
portant to remember that values of 
stall torque and air consumption vary 
so no values are listed. So many vari- 
ables affect these two items that they 
are individual for every specific appli 
cation. 

However, as a general rule of thumb, 
stall torque ranges between two and 
two and a half times the torque devel 
oped when operating at maximum 
horsepower output. 

In small motors (up to 21/; hp at 90 
psi) air consumption varies from 35 
to 40 cu. ft of free air per minute per 
horsepower. In larger motors, con 
sumption runs from 20 to 25 cu. ft per 
minute per horsepower. These figures 
supply necessary data for non-revers- 
ible units; reversible motors consume 
from 30 to 35 percent more air 
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Table III—Specifications of Typical Air Motors 


| 


Rated Hp* 


| Speed at Rated 
hp—rpm 


Free Speed 


rpm 


RADIAL PISTON MOTORS (non-reversib!e) * 


| i 

| | Air Consumption 
at Rated 

cu ft free air /min 


Weight | Stall Torque 
Ib ft—Ibs 











2.9 | 1,500 3,200 130 
3.3 | 1,300 3,000 130 
3.8 1,200 2,700 130 
5.7 1,050 2,500 195 
7.1 1,050 2,500 205 
11.0 1,000 2,500 225 
13.2 1,000 2,500 240 
18.0 750 2,100 370 
21.6 750 2,100 390 
Ingersoll-Rand 
RADIAL PISTON MOTORS (reversible) * 
: | : 
2.5 | 1,200 2,200 135 
2.8 1,000 1,950 135 
3.2 900 1,600 135 
5.2 750 1,600 200 
6.5 750 1,600 210 
9.5 650 1,350 235 
11.4 650 1,350 250 
13.5 550 1,200 380 
16.2 550 1,200 400 
Ingersoll-Rand 
AXIAL-PISTON MOTORS 
0.6 2,360 4,800 14t 2.0 21 
0.9 2,150 4,200 14!4t 5.0 40 
1.9 1,820 3,500 26!5t 11.0 62 
2.7 1,300 2,600 38t 19 0 83 
tWith Spindle. Keller Tool Company 
MULTI-VANE MOTORS (non-reversible 
1.5 1,225 1,525 9% 
1.5 840 1,025 91; 
1.5 600 725 9! 
1.5 290 350 9% 
1.5 230 280 11% 
1.5 195 230 12 
3.25 600 800 20 
3.25 335 450 2014 
3.25 225 300 20!4 
3.25 135 185 2414 
4.0 350 450 29 
4.0 240 310 291 
4.0 170 225 29! 
4.0 120 160 34 ! 
5.5 335 450 3614 
5.5 215 300 3614 
5.5 150 200 3614 
5.5 86 120 5414 


Ingersoll- Rand 


NOTE: Multi-Vane Air Motors are high-speed units that are geared down to usable speeds. Only 
difference in the motors of the same output listed above is the gearing to obtain desired speeds 





MULTI-VANE MOTORS (reversible 


1.25 1,225 
1.25 840 
1.25 600 
1.25 290 
1.25 230 
1.25 195 
2.75 120 
2.75 58 
3.00 528 
3.00 295 
3.00 197 
3.25 290 
3.25 200 
3.25 145 
3.25 105 
5.0 350 
5.0 225 
5.0 155 
5.0 90 
5.0 5 
5.0 50 
5.0 30 
5.0 19 


*at 90 psi 


163 


























































llustrated at B is more compact and 
commended. It also can be discon- 
ted when required. The tubing is 
oldered to each end of the union; the 
two halves are then drawn together by 
the thre 


aded sleeve, which compresses 


O-ring by approximately 


A simple type of flange with a single 
upped suitable for 
The 
the groove are chamfered to 
itate flow of the rubber when it is 
pressed Otherwise thé rubber 
the groove and forms a 

edges of the 
corners of the 
gasket must be replaced 
IS opened This occurs 


gasket IS 
laboratory vessels 


ners of 


tion; the 
into the 


is incompressible 


tion must be 
ctions so that 
r remains 
number of 


using 


Product 


flanges it is advisable to use two con- 
centric gaskets to each flange with a 
passage or "pump-out'' connecting the 
space between the twó gaskets to at- 
mosphere. The inner gasket forms the 
actual vacuum seal and the outer one 
provides a ready means of leak testing 
If the application of|a small rotary 
pump to the gasket interspace results in 
a pressure drop in the vacuum equip 
ment, then the inner |gasket must be 
leaking 


3. For Shafts 

The outer vacuum 
chamber is beveled ani a rubber disk 
is clamped to this bevejed surface. The 
shaft is passed through a hole in the 
rubber disk—the hole being about 14 
in. smaller than the shaft diameter 
Atmospheric pressure forces the rub- 
ber against the perimeter of the shaft 
and with the aid of a} light smear of 
grease on the rubber, a vacuum-tight 
seal is made regardless 5f shaft motion 
Motion of the shaft cari be either rota- 
tion or translation or both. 


surface of the 
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Valves 

Val € 

Rotation of the top of this valve 
moves the spindle up or down. A rub- 
ber disk on the bottom of the spindle 
seals off the two incoming pipes when 
the valve is shut. The spindle is sealed 
in the vacuum system by means of a 
copper alloy bellows that is soldered in 
the position shown. The valve should 
be designed so that extension and com- 
pression of the bellows does not ex- 
ceed limits specified by the manufac- 
turer 

Since the upper part of the valve is 
sealed to the lower block by a rubber 
gasket, this bellows assembly can easily 


> )] 
í. Bellou 


be removed from the vacuum system 
for maintenance. Removal of the ring 
bolts between the upper section and 
the pressure cavity, allows the upper 
portion to be removed and plunger, 
valve seat, O-ring or bellow to be in- 
spected and replaced, if necessary 


Diaphragm Valve 
One of the incoming pipes connects 
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Er 


with the central cylindrical chamber, 
the other with the annular ring around 
the chamber. The spring holds the 
valve open against atmospheric pres 
When the knob of the valve is 
screwed down, the rubber diaphragm 
is pressed against the lip of the center 
chamber and seals off chamber 
from the outer annulus 


sure 


this 


Air can leak through the diaphragm 
from atmosphere into the vacuum sys 
tem. The leakage is however small, 
being about 10°* cc/sec/sq cm of sur 
face for 1/16 in. thick rubber. Since 
the permeability of neoprene is about 
l4 that of natural rubber, it is usually 
specified for the diaphragm 

Diaphragm valves can also be 
as pressure valves 


6. Plunger Valve 
In this type of valve, the side 
are solde red into a 


arms 
cylindrical body and 


are opened or clos d by a plunger mov 


y & pauns 
ing up and down within the cylinder 
The vacuum seals are made by means 


of round section neoprene rings ex 
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Seals for rotating shafts, 
containers, and tubing. 
Bellows and valves that can 
be operated satisfactorily 


under vacuum. 


ai il ricant 
Disassembly of the plunger valve is 
also relatively simple. R« 


1] j 
allows repiace 


moval of ring 
} ly 
DOLLS 
and 


seats, pisti 


i ment of plunger 
Inspection of O-rings 


cylinder walls can b 


O-rings 


J7 





Pilot operated 3-position, 
4-way contro! valve, 

Spring return to neutral 

with both cylinder ports 
blocked and pump open to tank 


Sufficient pilot pressure to be 
maintained by arestriction 
in this exhaust line 


, 


ļ 


From tonk 


Hydraulic 
pressure 


gm operated 3-way 
contro! valve 
tc) 


4-way pilot valves with spring return 


*o o normal" up" position 


Salety Circuits 
Hydraulic Machines 


H. L. STEWART, 


Safety to the operator and the machine can 
be designed into hydraulic equipment. Safety 
circuits, whether hydraulic, pneumatic or 
electric, should require two-hand operation 
of the machine, or for two man operation, 
four-hand operation. Circuits should be de- 
signed so that they are impractical to tic 


down and release of anv one control would 


stop the cyc le. 


or 


Company 


Machine circuits can be designed to guard 
against machine or work piece damage. Elec- 
tric or hydraulic interlocks are used to imme- 
diately stop all movement if, for any reason, 
the hydraulic or mechanical motion should 
fail. The jamming of a work-piece during 
the machine cycle can cause extensive dam- 
age to the machine or the part if controls 


are improperly designed. 
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T 
Start-stop 
Push button 
station 


valve -spring 
return 


Relief 


volve 


L. Two-hand hydraulic safety control for a press 


Iwo-FOUR WAY, manually operated pilot valves control 
the master valve. The cam operated three-way valve con 
trols the length of stroke and shifts the master valve to 
neutral when ram reaches top of stroke. When both pilot 
valves are in position A, press ram moves 


Release of either control will stop the ram 


downward 


Handles in 


position B, permit ram to retract until cam ope rated valve 
is shifted by the adjustable collar Handles 
must be operated together to obtain desired press action 


Should one control be tied down, n 


stopping ram 


achine goes through 
only one half of a cycle and will not complete the cycle 
until the control has been released 


2. [Two-hand air safety control for a press 


Two MANUALLY OPERATED three-way spring-return air 
valves are connected in parallel. Opening of valves permit 
air to flow to pilot the four-way, spring- 
return hydraulic control valve. Control piston 
permit oil to flow to blind end of coining cylinder through 
cam operated speed control valve. Release of 


moves pilot pressur control valv 


connection on 


moves to 


valves re 


from and spring shifts 


3. Four-hand electric safety 


CERTAIN LARGE MACHINES require the attention of two 
or more operators. These men, who may be standing some 
distance apart from one another must be protected. To avoid 
long runs of hydraulic piping, it is often convenient to use 
electrical interlocks 

In the circuit shown both operators must have their hands 
on the electric pushbuttons to energize the solenoid of the 
master valve. The shifting of the master valve controls the 
downward movement of the hydraulic ram. The release of 


any one pushbutton by either operator causes the ram to 
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Oil is 4 
cylinder. The piston retracts rapidly 


its piston directed against rod end of cóining 


until the cam contacts 


Ihe oil flow is then 
slowing the 


the roller of the speed control valve 
metered through an orific 
piston for the remainder of the stroke. The release of one 
valve will dump the air feed of the s 


valves must be 


movement of th 
cond valve; therefore 
operated together 


control 


tract and return to the Start position 

The electrical circuit used is simple, all pushbuttons being 
onnected in series. The remoteness of one control station 
from another is a minor consideration since the electrical 
wiring between stations can be of any length. Long lengths 
of hydraulic tubing on the other hand are higher in initial 
cost, increase the possibility of leaks and cause appreciable 
hydraulic losses 

Additional stations can be connected in series if more than 
two-man operation is necessary 


Jis 
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4. Machine Safety 
Hydraulic Control 


SAFETY FEATURI porat at (a) The shifting of 
No handle to th gency stop position will 
p the mach le imn d ly (b) Interlocking 
Nos. 12 ar will not allow the turntable to rotate 
| the pistons o p 1d staking cylinders are 
he up-position. No oil can dmitted to the turntabl 
otor unl h | s of thes nterlocking valy 
det (c) Any ti sistan such as jam 
g the work } iuses th ble to stall. This is 
) |l g th f valve just high enough 
o Ì | Oo ) L 1 ) Í t ids 
In operat he hand f val No. 2 is in the run 
x»sition.. The handle of valve No. 3, for single operation 
s momentarily sh | to th art position and released 
[he press will go through or | d stop. For valvi 
No. 2 in run position at 1 valve No. 3 in stop position |l 
ly pistons ar is show Ih pump -— is directed 
to valve No. 1 | ) h ted back to reservoir 
Ih educed t SIZ l ficient back pres 
ire to op Pumy upply is also 
i through No l 1 ick to port ) 
| NO Ih | I held as show 
J20 
4 \ 
\ 





tion 


Restri 


Volve No.2 


Initio 
Operating pres 


Dress 





Ven ine 


When handle of valve No. 3 is momentarily shifted to 
start position, oil pressure travels from port A to = 
chamber B of valve No. Movement of the piston admits 
oil to inlet port of valve No. 5. Oil leaves by port C and 
reaches top of power cylinders at a pressure governed by 
the setting of relief v alve No. 6. Pressure is also directed 
to inlet port D of valve No. 7, then out port E to port F of 
valve No. 8 hold index table lock plunger in place. 
From port G of valve No. 8 oil flows to valve No. 9 port 
H, and out port J to port K valve No and port L of 
time delay valve No. 10. Now the ram of both work 
cylinders advance. At the end of the down stroke pressure 
builds up in the line opening valve No. 11, and directing 
pilot pressure to port M of valve No. 9. This valve initiates 

of the cycle, the of the work 


5, 


the second half 
pistons 
Pilot 


»orts 


reversal 
pressure moves the piston of valve No. 9 exhausting 
K and L of valve Nos. 5 and 10 and directing work- 
| pressure to port N of time-delay valve No. 10. This 
valve regulates the length of time that the work pistons 
T in their extended positions. After this adjustable 
Iwell period, valve No. 10 acts to open port P to port L, 
admitting pilot pressure to port Q of valve No. 5. This 
shifts the piston directing pump supply through port R 
to the ends of the ram cylinders and to port $ of valve 
No. 12. The rams of both cylinders retract. 

At the end of their upstroke, the trip bars depress the 
plungers of valves Nos. 12 and 13. The oil under pressure 

port $ moves through port T of valve No. 12, through 
valve No. 13 to the fluid motor and port U of valve No. 8 

The lock plunger of valve No. 8 is withdrawn, allowing 
the fluid motor to rotate the index cam and the cam shaft 
lhe latter carries the operating cam of valves Nos. 4 and 7 
As the table indexes to the next position, the piston of valve 


No 


f 
ing 


is released, connecting the oil pressure at port D, 
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through port V to the pilot chamber of valve No. 9 . The ton until action of the piston moves cam No. 2 away from 


piston ot valve No. 9 is moved. No pressure is av ailable limit switch E. The latter, which is normally closed, com 


at port H as pressure is supplied by port G of valve No. 8 pletes the circuit to the coil of contactor G through a 
which is blocked when the lock plung: r is retracted. second normally closed limit switch D. The start button 

The second operating cam momentarily closes, then over- must be held until the limit switch E is in the closed posi 
rides valve No. 4, applying pilot pressure from port W tion, and the contactor G has acted or the cycle will st p 
through port X to the pilot chamber Y of valve No. 1. Solenoid No. 1 of the 


e master valve is energized by con 
Ihe piston of valve No. 1 shifts completing the cycle and tactor G, causing oil to flow through port No. 1 to the rod 
by-passing the pump output back to the tank through end of 


port Z. 

If the handle of valve No. 3 is latched in the start 
position, valve No. 4 is inoperative. Thercfore, pilot pres- 
sure cannot be applied at pilot chamber Y of valve No. has a spring return to neutral. In a neutral position, both 
Instead, pilot pressure is directed to chamber B through cylinder ports are blo ked and oil is bypass d to the tank 
port A of valve No. 3. The cycle is then automatically When cam No. 2 contacts limit switch D, the circuit to 
repeated when the piston of valve No. 7 is depressed by contactor G, is broken. This de-energizes solenoid No. 1 
the operating cam and the piston stops. Simultaneously, the throwing of limit 

switch D starts the timing relay J. The latter contains a 
pneumatic dashpot that allows the relay contacts to cl 


5 Electrical after a delay. The time delay is adjustable between 0.2 s 


and three minutes after energization 

x After the preset period of time elapses, the relay contacts 
Controls close the circuit to contactor H, energizing solenoid No. 2 
The contactor is held closed through the normally clos 


MACHINE SAFETY FEATURI incorporated in Fig. 5 is the limit switch F. The work piston advances rapidly until 


stop button. In case of emergency, the operator pushes the cam No. 1 depresses th plunger of the second speed con 
stop button that de-energizes the G and H circuit, stop- trol valve C. This valve then acts as a metering device to 
ping the movement of the work piston any time during the slow piston movement to a pr 


the cylinder. The piston retracts slowly as oii is 
metered from the blind end of the cylinder through B, a 
speed control valve. The master valve is a three-position, 


four way valve and is double-solenoid ops rated. The valve 


ed 


pi preset rate for the remainder 
cycle. This is one of the simplest safety circuits and is of the stroke 
applic able where an emergency stop feature is considered When cam No. 2 actuates the limit switch F, the cir 
an adequate safety provision. Electrical controls are es- cuit to contactor H is broken and a circuit to contactor G 
pecially useful when the control stations are remote from is closed. Solenoid No. 2 is cut off, and solenoid No. 1 is 
the machine operation as initial cost will be lower and long energized. The piston now retracts until cam No | 
runs of hydraulic lines can be eliminated. limit switch E. This breaks the circuit to contactor G, d 

To begin the cycle, the operator depresses the start but nergizing solenoid No. 1 and stopping the work pisto: 
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pressure 
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6. Electrical Interlocks 


N 


AFETY FEATURES INCORPORATED in this system arc 
(a) Two push button stations that must be operated simul 
taneously. The release of either button, on up or down 

i 


I 1 l | » 
will break the circuit. Also, 


roKes, 


sole noid control valve 


s thrown into neutral position, blocking all cylinder parts 
1 permitting the oil to flow freely from pump to tank 
(b) Double pump deliveries are available to the hy 

lic circuit until the pressure builds up. Adjustable 
oading value opens allowing the d livery of the larg 
p to recirculate to tank. Smaller pun 


put ip continues oil 
delivery to circuit until maximuni pressure is reached. In- 
tegral relief valve limits further pressure build up 

Ram actuated limit switch, tripped by a movable 


| The 


a trip rod breaks the circuit on the upstroke 





ram stops and the control valve is thrown into neutral 

sition. This blocks all cylin ports and the oil flows 

ecly from pump to tank 

To start the down stroke of the ram, both down buttons 

be held in. This throws the solenoid control valy 

to starting position. The ram travels down rapidly at 
large volume and rx nal pressure until it meets the work 
Aft ting the work the pressure builds up. The ram 
ontinues to move down at small volume until the ram 
eaches its maximum tonnage setting and stops. At this 
point the operation is complet 

Io operate the reti troke of the ram, the hold buttons 

irked up on each push button station must be held in 
[his throws the solenoid control valve into reverse positior 
Ihe ram travels up rapidly at large volume and nominal 
pressure until the ram actuated limit switch is tripped 
his breaks the circuit. The ram stops and the control val 
s throw: to its n utral posittor by th spring rct 
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Oil reservoir 





[he length of the return stroke is adjustable, from mini- 
mum to maximum, by means of the stop collar on the trip 
rod. By limiting the length of the return stroke, 
sary ram travel is avoided. 

The unloading valve and the relief valve may be adjusted 
to mest any set of pressure working ranges. Setting of the 
unloading valve should be such that it will not open until 
a working pressure slightly higher than the maximum re- 
quired for rapid action is built up. The relief valve setting 
must be equal to or slightly higher than the pressure re 
quired for the slower action. 


unneces- 


There must be a minimum 
differential of approximately 150 psi between the unload 
ing valve setting and the relief valve setting 

A hand-wheel hydraulic valve is set in the lower linc 
of the cylinder and is used for control of down speed of 
the ram 

The power unit gage is used only when making a pres- 
sure adjustment or checking line pressure. The press gage 
is used only when checking press tonnage. A gage shut-off 
valve is provided with each gage to relieve wear on sensi 
tive parts by keeping the gage lines 


closed except when 
checking or adjusting pressure 


7. S Interlocks 


IN THE ALL-HYDRAULIC SYSTEM complex interlocks are 
or o insure safety of machine and personnel. The 
safety features incorporated are: 


(a) E mergency shutdown, regardless of the point in the 
ycle, by shifting the handle of valve No 
stop position. 

(b) Piston motion is coordinated with table indexing by 
pilot actuation of the control valves. This prevents dam 
ige to the mechanism caused by jamming of the table. 


1 to emergency 


H} 
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Under the conditions shown the machine is idle with 
the emergency valve No. 1 in the run position and the 
operating valve No. 2 in the stop position. The cam 
operated valves Nos. 10 and 16 are both released, while 
valve No. 9 is depressed. 

Operating pressure from the hydraulic pump is directed 
to the inlets of valve Nos. 1 and 3. Passing through port W 
of the former, oil reaches the inlet of valve No. 2, then 
flows out port X through the restriction nipple to the inlet 
of valve No. 16. Since this valve is in the released position, 
the pump delivery is directed out port U to the tank and the 
piston of valve No. 3 directs the oil through port T back to 
the tank. 

For single index operation, valve No. 1 handle is in 
the run position and the handle of valve No. 2 is momen- 
tarily shifted to the run position and then released. The 
spring returns the handle to the stop location. 

Hydraulic pressure at the inlet of valve No. 2 is directed 
to pilot chamber A of valve No. 3, through port B shifting 
its piston. Oil is now delivered out port C of valve No. 3 
to the inlet of valve No. 4. The oil flows out of port D 
to the blind end of the cylinder. The ram advances under 
the pressure set by relief valve No. 5. The valve is re- 
motely controlled by valve No. 6 when the pressure to 
the blind end of the cylinder reaches its maximum, oil 
opens the adjustable valve No. 7 and flows into the pilot 
connection E of valve No. 8, moving the piston of this 
valve. Pressure from the inlet port of valve No. 4 is flow- 
ing through valve Nos. 9 and 10 and the lock plunger 
cylinder to port F of valve No. 8. Valve No. 9 is in the 
depressed position and the lock plunger is engaged. Oil 
flows from port G of valve No. 8 to port H of the adjust- 
able time delay valve No. 11. After a preset delay, oil is 
directed out port J of valve No. 11 to the pilot chamber 
K of valve No. 4. The piston of valve No. 4 is moved 
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sending oil out port L to the speed control valve No. 12 
to the lower end of ram cylinder. The ram begins to rise 

Valve No. 12 controls the speed of the downstroke by 
metering the exhaust flow of oil when the plunger is 
depressed. Free oil flow for tast ram upstroke IS possible 
even when cam and roller are in contact, because a check 
valve is built into the speed control valve 

When the ram reaches the end of the upstroke, the cam 
roller of valve No. 13 is depressed. Oil is admitted to the 
fluid motor, turning the worktable and the valve cam shaft. 
Relief valve No. 14 adjusts the maximum pressure to the 
fluid motor, so that the table may be stalled safely against 
any obstructions. As the cam shaft starts turning the oil from 
the inlet of valve No. 4 is directed through port M of valve 
No. 9 to the pilot connection N of valve No. 8. The piston 
of this valve moves admitting oil to port P of valve No. 15 
retracting the lock plunger. 

After a 180 deg index movement of the table, the cam 
mounted on the table depresses the roller of valve No. 10 
and the cam on the cam shaft releases the roller of valve 
No. 9. This directs oil from port Q of valve No. 9 through 
valve No. 10 to the lock plunger cylinder, relocking the 
turntable. The cam on the index table also momentarily 
depresses the roller of valve No. 16, applying pilot pres 
sure out port R of this valve to pilot chamber $ of valve 
No. 3. The piston of valve No. 3 shifts, removing all 
pressure from the circuit and stopping all action. The 
pump supply returns to the tank through port T of valve 
No. 3 and port U of valve No. 16. The roller of th« 
latter has been released by the cam 

For continuous operation, the handle of valve No. 2 is 
latched in the run position. Oil pressure from port B of 
this valve is maintained on pilot connection A of valve 
No. 5. This valve, therefore, remains in the running posi 


tion. Valve No. 


16 is now ineffective 
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Causes of separation and its effects in fluids that 
flow at a high velocity. Methods for detecting and 
reducing separation in flow systems. Importance 
of streamlining in avoiding turbulence and the 
effectiveness of guide vanes in reducing losses at 
pipe bends. Ideal and real flow in conduits. 
Techniques for controlling and moving the bound- 


ary layer downstream to reduce the pressure drag. 


C. C. PERRY 


g Vick I D f S ( 
A 1 
M H H K^ X ) ( NEI h 1 ind 
y S 1, although centered in 
1 : NL. RE à 1 
S dl ng aj pl | 
Many difficulties encountered in the design of hydrostati 
S S LS | motors, valves and controls ar 
hydrokinet n natur Wherever fluids flow at 
gh velo separation is likely to be present. A consid 
this phenomenon, therefor is usually advan 
hi ! lacio 
] S mm has as ng in the fields 
I I | I se fields separ 
fluid n | which the fluid 
i : i 
patn | he solid boundary past which 
kes 
A S s the “stalling” « 
" wh flow high an angle o 
A gles s shown in Fig. 1 
A h 1 ] ] | l | t cl s contorm 
S ) th wing At ind abo 1 un 
g N Fig 1 (B hese par les no 
p FOLLOW p i severe ddy ng oO 
í e the wing 
1 
1 ! i 
A X Í S iiqu | fl w is tha 
ULP RT P 1 











(A) 


Fig. 1—(A) Flow of air past an aircraft wing at a low 
angle of attack; the pathlines of individual air particles 
conform closely to the contour of the wing. (B) Separat- 
ing flow of air about an aircraft wing at a high (stall- 























(A) 


Fig. 3—(A) Theoretical flow of an ideal frictionless fluid 
about a cylinder. (B) A separating flow about the same 


gence. When this angle is too great, the main stream of 
the liquid separates from the diffuser walls and an intense 
ddying turbulence is created in the downstream end as 
| 2. A similar condition occurs when gases 
flow through a diffuser of excessive divergence 

Separation is a discontinuity of flow in the sense that 
particle pathlines may lose complete similarity to those 

licated by purely theoretical considerations. The theoreti 
il flow of an ideal frictionless fluid about a cylinder is 
ompared in Fig. 3 with a separating flow about the same 
cylinder. The space between the solid boundary and the 
ontinuous pathlines in Figs. 1 (B), 2 and 3 (B) is filled 
with fluid 

Cavitation, in contrast, is not only a discontinuity of flow, 


shown in Fig 


is also a discontinuity of fluid. In cavitation certain flow 
as are filled, not by the fluid, but by vapor bubbles of 
that fluid. Because of this distinction, it is apparent that 
witation is a malady peculiar only to liquids 

The presence or absence of cavitation is dependent upon 
the static pressure of the liquid. Vaporization, hence cavi 
tation, cannot occur except at those points in the flow 


l 


system where the static pressure of the liquid is at or below 


the vay 
i . 

In a clos d hydraulic system, such as the hydrokinetic 
torque convertor, cavitation can generally be avoided by 
operating the entire system under a mean static pressure 


sufficiently high to maintain local pressures greater than 


sor pressure of the liquid 


1 


the vapor pressure of the liquid 
Separation is independent of static pressures. It depends 
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o» 
ing) angle of attack; air particles do not follow wing Fig. 2—Separating liquid flow through a diffuser 
contour; a severe eddying or recirculatory turbulence where the angle of divergence is too great to maintain 
forms along the top of the wing and reduces lift. streamline flow in the downstream end. 
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cylinder. Between the solid boundary and the continuous Fig. 4—Idealized velocity profile for flow in a conduit 
pathlines, the fluid separates from main stream. depicted by Prandtl’s boundary layer theory. 


upon the shape of the boundary past which the fluid is generated in the violent eddies. In liqu ds, this heat is 


flowing, the roughness of the boundry surface, and the an irrecoverable energy dissipation 
Reynolds number Separation exists frequently in torque convertors, pumps, 
The Reynolds number is a dimensionless ratio character turbines, manifolding, and hydraulic fittings 
izing fluid flow conditions. In effect, it is the ratio of the 
relative magnitude of inertia forces to viscous forces. As The Boundary Layer 
such, this concept is important in analyzing the causes ol he classical mechanics concept of an ideal frictionless 
and cures for, separation fluid, which pictures the flow in any system as purely th 
Where sult of potential differences, does not allow for the 
velocity of fluid resence of eddies. The potential flow pattern does not 
D significant linear dimension of boundary ven permit the existence of drag. This and similar anoma 
: mass density of fluid lies both: red Jean d'Alembert enough to prompt the state 
“ viscositv of fluid ( botnc d Jc: a Aicmbert enougn t p! f 1€ ta 
\ tevnolds number ment that "The theory of fluids must necessarily be based 
Reynolds number expressed algebraically is T E The rm diffen = > between ideal 
l SVD À flow and actual flow has been termed the d'Alembert 
" Paradox 
Another significant. difference exists between cavitation The basic difference between ideal flow and real flow 
and separation. Cavitation generally makes its presence s that all real fluids have finite viscosities that directly or 
known either by noise or by erosion of the hydraulic device ndirectly cause all drag forces and fluidynamic losses 
in the critical areas, or by both. These symptoms result Drag forces and their resultant losses are generally 


from the relatively violent collapse of vapor bubbles as they broken down into two component types. One type is skin 


are carried downstream into regions where static pressures friction, which results from the shear forces transmitted 
exceed the vapor pressure from the fluid to the body (or visa versa) by the viscosity 
Separation, however, is a comparatively sly villain. Often of the fluid. The second type is that caused by separation 


the only external evidence of separation is the presence sometimes referred to as pressure drag. In poorly designed 
of excessive heat, which frequently can be detected only by — fluidynamic devices, pressure drag can be much greater 
careful instrumentation. The only certain manifestation of than skin friction. These two types of drag are addit 
separation is reduced performance. Separation is always in determining the total drag or loss 


accompanied by a loss of energy as a result of the heat For a given hydraulic mach rather distinct limit 
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exist as to the measures that can be taken to reduce skin 
friction. The skin friction is largely a function of the 
fluid velocity, the area of the solid boundary past which 
the fluid flows, and the viscosity of the fluid. 

In numerous designs, from one to three of these param- 
eters are completely inflexible. In particular, the fluid 
viscosity is often fixed. For instance, in designing a pump 
for a water system, little can be done to decrease the 
viscosity of the water. By designing for minimum surface 
area and minimum relative velocities, however, it might 
be possible to improve the pump performance. 

The inefficiency associated with separation manifests 
itself as a loss of pressure resulting from the energy dissipa- 
tion in the whirlpools indicated in Figs. 1 (B), 2 and 3 
(B). For a body moving submerged in a fluid, the pres- 
sure on the nose of the object, therefore, is greater than 
on its rear. The resulting unbalanced force is known as 
pressure drag. When the fluid flows within diverging solid 
boundaries, the lack of pressure recovery means that addi- 
tional energy must be supplied to push the fluid through 
the passage 

Fundamentally, Prandtl’s boundary layer theory pictures 
the fluid stream as divided into two portions: (1) A thin 
layer known as the boundary layer, adjacent to the solid 
surface; and (2) The remainder of the fluid at a distance 
from the surface 

In the boundary layer, the velocity gradient (normal 
to the boundary) is high enough so that, even though 
the fluid viscosity may be small, the viscous forces are of 
considerable magnitude. The viscous forces are, of course, 
the product of the viscosity and the velocity gradient. The 
primary cause of separation is closely related to the behavior, 
or misbehavior, of this boundary layer 

In the fluid at a distance from the surface, the inertia 
forces are presumed to be so great and the viscous forces 
so insignificant in comparison that the fluid essentially 
follows the pattern defined by potential flow theory. 

The condition as shown in Fig. 4 corresponds to that of 
low Reynolds number flow near the re surface and 
an extremely high Reynolds number flow in the main 
portion of the stream 
. Prandtls hypothesis for the cause of separation is that 
since the boundary layer moves very slowly and is there 
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— > Direction of flow 

Columbia University and H. Rouse 
Fig. 5 (Left) —Kinetic energy profiles in a diffuser under separating conditions where no energy is supplied externally. 
Fig. 6 (Right) —Sketches made from classic photographs showing comparative effects of accelerative and decelerative 
flow. In both sketches, the flow is from left to right. The greater orderliness of accelerating flow is qualitatively evident. 


—— 


fore characterized by extremely low kinetic energy, it is 
subject to stagnation when a rising pressure gradient in 
the direction of flow is encountered. Fluids, like heat, 
flow in response to a potential gradient. The potential 
gradient in fluid flow is generally a pressure drop in the 
direction of flow. 

From the law of continuity of streaming energy, stated 
by Bernoulli, the pressure in any hydraulic system increases 
when the velocity decreases; for instance, by increased 
cross sectional flow area. Such a diverging system, then, 
results in a rising pressure gradient in the direction of flow. 

To flow against such a pressure gradient, the fluid must 
constantly give up kinetic energy or receive energy from 
an external source as in pumps and compressors. For the 
flow in a diffuser, as shown in Fig. 5, where no energy is 
supplied externally, the main body of the fluid must draw 
from its supply of kinetic energy to flow against the pres- 
sure gradient. As Fig. 5 indicates, the boundary layer 
does not have enough kinetic energy to maintain flow in 
the layer. When the boundary layer kinetic energy is 
exhausted, the boundary layer velocity must naturally be 
Zero i : 

The result is a narrow band of fluid, the velocity of 
which is zero, immediately adjacent to the edge of the main 
stream, which has a significant finite velocity. Theoreti- 
cally, an infinite velocity gradient exists between the two 
portions of fluid. Thus, the shear stress is enormous; and 
the main stream, in passing the stagnant boundary layer, 
picks up the stagnant particles and starts them whirling 
downstream. 

This action destroys the normal pattern of flow. Down- 
stream from the point of separation initiation (stagnation 
point of the boundary layer), the main stream of fluid is 
confined to a rather restricted area, and on both sides of 
it the space is filled with small high speed whirlpools, or 
vortices. It is apparent that considerable energy is dis- 
sipated as a result of this disorganized motion. 

It has been pointed out that a rising pressure gradient 
can stagnate the boundary layer and result in separation 
It is of interest to consider the opposite condition in which 
the pressure gradient is falling 

In a converging nozzle, the cross sectional area decreases 
in the direction of flow, the main fluid velocity increases, 
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Fig. 7—Variation in diffuser loss coefficient as the 
angle of divergence increases. The loss increases rapid- 
ly with divergence angles smaller than seven degrees. 


and by Bernoulli the static pressure decreases. In this 
instance, the boundary layer has the opportunity for a free 
ride, it can take the kinetic energy from the stream if condi- 
tions are not too severe. 

The extreme example of a converging or accelerating 
passage is found in the sudden contraction. In this case, 
even though conditions are favorable for accelerating the 
boundary layer, some separation may result from the pres- 
ence of the vena contracta. As the fluid leaves the region 
of the vena contracta and expands to fill the passage, the 
accompanying increase in the static pressure sometimes 
causes separation. 

The preceding discussion can be generalized in a rule 
of thumb that, unfortunately like most other such rules, 
has several exceptions. The rule is: Fluids can be acceler- 
ated much more efficiently than they can be decelerated. 
This rule derives from the foregoing explanation that 
acceleration is accomplished in a converging (dropping 
pressure gradient) passage, which stimulates flow of the 
boundary layer; while deceleration is accomplished in a 
divergent (rising pressure gradient) passage, which dis- 
courages boundary layer flow. Any time the boundary 
layer stops completely, separation is the inevitable result. 
Wherever there is separation, there is loss and inefficiency. 

An example often given of the comparative losses in 
accelerative and decelerative systems is a water turbine 
and a pump. Turbines are ordinarily more efficient than 
comparable pumps because the pressure gradient in the 
turbine is inherently a falling one, while that in the pump 
is a rising one. This phenomenon can be seen more 
dramatically in Fig. 6, which shows the flow through a 
passage of varying cross section, first in one direction, then 
in the other. The greater orderliness of the accelerating flow 
is qualitatively evident. 


Practical Examples of Separation 


Separation is a phenomenon that abounds in and around 
hydro- and aerodynamic equipment such as fans, vacuum 
cleaner impellers, pumps, internal combustion engine mani- 
folding, automobile bodies, valves, ducts and elbows, to 
mention but a few instances 

The simplest example is the diffuser, or diverging pipe 
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section. It has been shown experimentally that an approxi- 
mately 7 deg included angle of divergence results in maxi- 
mum diffuser efficiency. At smaller angles the added axial 
length necessary for diffusion between two diameters be- 
comes great enough to affect the losses adversely by ampli- 
fying the skin friction. At larger angles, the pressure gradient 
is so steep that boundary layer separation occurs. 

The curve in Fig. 7 indicates that the loss increases more 
rapidly with angles smaller than 7 deg than with larger 
angles. This variation, of course, merely reflects the rate 
of increase of the cotangent at small angles. The loss 
in a sudden enlargement (180 deg included angle) is 
actually less than that in a diffuser of 60 deg included 
angle. If the fluid were run through the pipe in the opposite 
direction, the loss of the sudden contraction would be less 
than half that of the corresponding sudden enlargement. 

Another common loss that in a large measure is caused 
by separation occurs in elbows and bends of pipes and 
ducts, although in such flow an additional loss factor is 
present. This factor, called secondary flow, refers to the 
fluid flowing around the bend in spirals because of cen- 
trifugal forces. Secondary flow is the one exception that 
might cause excessive losses in a fluidynamic machine after 
surface area, velocity, and separation have been reduced as 
much as possible. 

Secondary flow is the result of transverse pressure 
gradients in the flow passage. It can be minimized by con- 
trolling the transverse gradients through proper design of 
passage ors or through the use of guide vanes that pre- 
vent cross flow. 

Both separation and secondary flow cause losses in bends 
and elbows. The loss in a 90 deg standard elbow, for 
instance, approximately equals the friction loss in a length 
of thirty-six diameters of the same size straight pipe. Losses 
in valves, manifolds, and hydraulic fittings are also likely 
to be quite severe. Globe valves are among the worst 
offenders in this respect, embodying as they do a tortuous 
fluid path from inlet to outlet. 

Smoothness and continuity of boundary shape, in general, 
result in minimizing adverse pressure gradients, and thus 
separation. Smoothing or fairing the boundaries of a 
flowing fluid so as to control the pressure gradients is 
commonly called streamlining. The greater the relative 
velocity between a fluid and a solid boundary, the more 
important streamlining becomes. 

In hydrokinetic machinery, as the name implies, the 
kinetic energy and velocity are usually high, hence skin 
friction and separation are usually critical. Hydrostatic 
machines, on the contrary, are designed to operate using 
low kinetic energy combined with high potential energy 
(pressure). 

One of the disconcerting effects of separation in fluidy- 
namic machinery is the resulting loss of control of the flow 
direction. Most hydro- and aerodynamic devices are criti- 
cally susceptible to changes in the direction in which the 
fluid approaches a set of vanes. Separation in one set of 
vanes can completely change the direction of the discharg- 
ing flow and initiate serious losses at the point of entrance 
to the next set of vanes. Separation is quite common in 
fans and in the vane passages of centrifugal pumps. 

In the torque converter, which is currently popular in 
automotive transmissions, the problem is especially severe 
because the angle of incidence of the oil on the blade noses 
keeps changing with the speed and tractive effort of the 
automobile. If the blades are designed for no separation 
at one speed, they are likely to suffer separation at speeds 
above or below that speed. The same difficulty exists in 
the compressors and turbines of turbo-jet and turbo-prop 
engines. Axial flow compressors are particularly critical 
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in this respect, and although generally characterized by 
a higher peak efficiency than centrifugal compressors, have 
efficiency curves that fall off rapidly either side of the 
design point, largely because of separation 


Detection of Separation 


Separation may often be difficult to detect because it 
does not advertise its presence loudly except in the genera- 
tion of heat and reduction in efficiency. There are, however, 
several common cases in which separation is visibly present. 
One is in the surface wake of a square stern rowboat. As 
the water arrives at the stern, it finds the equivalent of a 
sudden enlargement. As a result, the boundary layer, 
instead of following the contour across the stern, separates 
and initiates a series of eddies. Another common instance 
is manifested by an automobile exhaust pattern on a cold 
day. Still another is the wake immediately downstream 
from a bridge pier in a rapidly flowing stream 

These three familiar examples point to a practical 
technique for detecting the existence and relative severity 
of separation, that is, to make the paths of individual 
fluid particles visible. The methods employed for visualiz- 
ing flow depend upon the type of fluid being studied, the 
type of test circuit emp sloyed, and several ot ther variables 

When dealing with gases such as air at velocities less 
than 400 ft per sec, the usual technique is to introduce 
visible particles into the air stream. Different kinds of 
smoke are widely ed in this manner as well as certain 
vapors such as that of kerosene 

At high gas velocities approaching or above the velocity 
of sound, several purely optical systems are emp sloyed 
These systems detect differences in air density by the effects 
of these differences on the light-transmitting properties of 


| 


the air, and thus do not require the addition of smoke or 


vapors. 

In studying liquid flow, some form of additive is gener 
1 : : yt f 
ally necessary. To make certain that the rar paths are 
identical with true fluid paths, particles a dded to the liquid 


should have nearly the same Loin as the liquid, or be 
small enough so that surface forces are large compared 
to inertia forces. One such additive for use with water 
is a mixture of carbon tetrachloride and glycerine. This 
mixture forms discrete globules, the paths of which can b 
recorded photographically because of the differences 
refractive index Por low velocity laminar flow, streamers 
of colored dm can b: added 

A two-dimensional approximation can sometimes b 


lade by using free surface flow with highly reflective 
particles scattered on the liquid surface. Care must be 


exercised in generalizing from this type of experiment 
because of the possible effects of gravity and surface tension, 
neither one of which is present for flow around a fully 
submerged body, or flow in a closed conduit 

These and numerous other visual techniques can be 
utilized for indicating the presence or lack ot separation 
If carefully executed, they give a satisfactory measure of 


the relative severity of separation. Visual study of th 
E x — 7? ^ dio 


orrespondtt lOw pà rns is often an a in evaluating 


Methods for Reducing and Obviating Separation 


Separation, it will be recalled, generally occurs as th 
result of the existence of a rising pressure gradient accom 
panying decclerative flow. A natural approach wherever 
possible, therefore, is to design for accelerating flow, or 


at least for controlled deceleration (streamlining). From 


the study of the diffuser, a designer can utilize the informa 
tion that divergence up to approximately 10 deg will not 


cause CX SSI^ losses. Further th 
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fluidynamic device is such that divergence is an absolute 
necessity, and this divergence cannot be reduced below 40 
deg, it is evident from Fig. 7 that there is little point in 
attempting to streamline at all. If it is more convenient 
from a manufacturing standpoint, the designer might as 
well use 180 deg divergence, or a sudden enlargement. 

Also, it is obvious that tolerances on mating parts that 
form a fluid boundary should be so arranged that a sudden 
contraction can occur but not a sudden enlargement. The 
actual efficiency gains from individual criteria such as 

ited may be small, but these gains are accumulative 
and should at least be considered in the design process. 

In many instances, particularly those associated with flow 
wound corners, guide vanes reduce the losses caused by 
separation. The reduction in loss that can be effected with 
properly designed guide vanes is indicated in Fig. 8. This 
particular example, Fig. 8, is complicated by secondary 
flow as well as separation. 

The exact ratio of the gains from guide vanes in reducing 
secondary flow to those obtained in reducing separation has 
vet to be evaluated. The guide vanes, however, are helpful 
in reducing bend losses. This type of construction is com- 
monly employed i in wind tunnels to reduce losses and main- 
tain uniformity of flow. With guide vanes such as those 
described, it is possible to use sharp elbows without exces- 
sive losses. Obviously, in many small elbows it is structur- 
ally impracticable to include such vanes 

In a study of the fundamental cause of all separation, 
which is the boundary layer, several other methods for 
improving flow efficiency present themselves. One method 
that is receiving much attention from aeronautical engi- 
neers, and that should before too long be adapted to 
hydraulic applications, is the art of boundary layer 

moval 

Boundary layer removal is the technique of placing 
small slots or apertures through the wall of the solid 
boundary just upstream from the point of boundary layer 
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Fig. 8 — Comparative head loss for flow through an 


elbow without guide vanes and an elbow with guide vanes. 
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separation, and applying a suction that bleeds the boundary 
layer away. The result of such action is that a new 
bound ary layer must form downstream from the slot. The 
new boundary layer, however, commences life with a 
kinetic energy nearly that of the main stream of fluid. By 
the time that its kinetic energy is dissipated, the boundary 
layer will have moved some distance downstream. Since this 
process theoretically, can be repeated many times, the point 
of separation can thus be moved as far as is feasible to the 
rear of the body to achieve a reduction in pressure drag. 

By removing the boundary layer with slots or apertures 
at one or more points along a diffuser wall, divergence 
angles considerably larger than 10 deg can be employed 
without separation. This technique is employed in some 
of the engine air scoop diffusers in high speed aircraft 
Airplanes with similar suction slots built into the upper 
side of the wings can be flown at abnormally high angles 
of attack without stalling 

An alternative method of removing the boundary layer 
is to fabricate the boundary wall of a porous material, 
through which the slowly moving fluid can be continuously 
drawn along the full length of the boundary. 

A diametrically opposite approach to the separation prob- 
lem involves injecting a comparatively high speed jet of 
fluid into the boundary layer so as to activate it by the 
resultant mixing and momentum transfer. As indicated 
in Fig. 9, this method has been employed in the design of 
aircraft wing slots. The presence of the slot allows the 
wing to be flown at much higher angles of attack (resulting 
ia correspondingly greater lift) without stalling or separa- 
tion. In general, addition of high velocity fluid is likely 
to be more difficult to effect and control successfully than 
is boundary layer removal 

Another technique, one in which the rewards are great 
for the effort involved, is transition of the boundary layer 
from laminar to turbulent flow. Because of continuous 
with adjacent particles in the main 
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Fig. 9—Effect of leading edge slot in allow- 
ing high angles of attack without stall. 
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stream, a turbulent boundary layer is characterized by much 
higher kinetic energy than its laminar counterpart. As 
result of this increased kinetic energy, the turbulent bound- 
ary layer can progress against a steeper pressure gradient 
than the laminar boundary layer. 

To achieve transition from laminar to turbulent flow in 
the boundary layer is not a particularly difficult task. Tran 
sition occurs naturally with typical boundary roughnesses 
if the Reynolds number becomes sufficiently high. The 
classic example of such transition is in the flow around a 
sphere or cylinder. If the body is moved through a fluid 
at successively higher velocities, the boundary layer eventu- 
ally changes from laminar to turbulent. When this sudden 
transition occurs, the drag force decreases noticeably. In 
Fig. 10 is shown the manner in which the drag coefficient 
of a sphere varies with Reynolds number; and thus with 
velocity, assuming the fluid viscosity to remain constant. 

In most practical designs, however, operation will be at 
a Reynolds number well below the critical value correspond- 
ing to boundary layer transition. It then becomes necessary 
to bring about the transition synthetically; sometimes it 
can be accomplished by roughening the boundary surface 
ahead of the point of separation. The roughness, if 
properly located and of the correct degree, excites the 
boundary layer to turbulence and results in a reduced 
pressure drag 

It should be kept in mind, however, that skin friction 
will be increased by boundary layer transition since a tur 
bulent boundary layer demonstrates a higher transverse 
— gradient (and hence, higher shear stresses) than 

1 laminar layer. Thus, where considerable boundary area 
is involved, and only slight initial separation, losses could 
be increased by injudicious boundary layer transition 

All the foregoing techniques for controlling the boundary 
layer are still more art than science 
to cope successfully w 
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Fig. 10—Variation in value of drag coefficient with 
Reynolds number for flow past a sphere. 
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Flowed-in gasket machine 





The part to be lined is placed on a table over a 


spinning chuck. The rising chuck carrys the spinning part under the tip of a mechan- 
ically, pneumatically, or electro-pneumatically controlled nozzle. A controlled amount 
of compound flows into place. When the lining is complete after one, two or three 
revolutions, the chuck drops to its initial position and the lined part is removed. 


The Latest Development: 


Flowed-in Gaskets 


W. M. RAND, JR., Dewey and Almy Chemical Co 


NEW FLOWED-IN GASKETS, produced 
by pouring liquid gasket material into 
place and baking the compounds to 
solid films, provide the same sealing 
fficiency as cut or pre-formed gaskets 
in many applications—and with sub 
stantial savings in labor, materials, 
and assembly time 

The flowed-in principle 1S simple 
A liquid synthetic resin or rubber com- 


pound is flowed into the gasket chan 


nel. The entir part, with gasket ap 
plied, is then baked and the com 
pound becomes a solid rubbery gasket 


Although the idea is not new, its ap 


plication to industrial gasketing prob 
lems, its material requirements, and its 
production 


problems have 


only re 
ntly received 


attention 


engineering 
Flowed-in Gasketing Materials 


Materials for low nozzle 


application, as us d in automat and 


pre ssure 


hand spray gun equipment, must m« 


thr general requirements 


1. They must stable liquids with 


\ and 
thixotropy, (1.e., 


low viscosity relatively high 
flow only after a 
certain minimum force is applied). 

2. They must be convertible to solid 
or sponge films of desired thickness by 
simple and controllable means in a 
short time. 

3. As films, the gaskets must have 
a wide range of resistance to the 
effects of tempe rature, pressure, 
liquids, and gases 

The materials that fill these require- 
ments are vinyl plastisols and organi- 
sols; high solids solvent solutions of 
the various oil-resistant synthetic rub- 
bers; high solids water dispersions of 
natural or synthetic rubber 


Plastisols and Organisols 


Plastisol and organisol compounds 
are especially adaptable as industrial 
flowed-in compounds because a wide 
range of viscosity is possible. The low 
viscosity materials (1,000 cps) will 
reflow under heat just prior to gella- 
level gaskets. 


tion giving smooth 


High viscosity compounds (up to 50,- 
000 cps) stay put as applied, whereas 
other compounds might run or slump, 
and short baking times are possible. 

Other advantages of plastisol gas- 
kets are: moisture transmission through 
the film is low; resistance to aqueous 
liquids, many oils, atmospheric condi- 
tions, pressure, and vacuum is good; 
and the film is tough, semi-elastic, and 
pliable. The low degree of solvent 
resistance can be improved by over- 
painting with solvent resistant paints. 
Flowing in of solid or cellular gaskets 
is possible. 

Their moisture resistance properties 
make these compounds especially 
adaptable as gasket material for alu- 
minum container covers for 35 mm 
photographic film. The covers pass 
from the forming and degreasing 
equipment through an automatic com- 
pound application machine and short 
conduction oven at a rate of 80 per 
minute. Four major improvements 
over the use of precut gaskets have 
resulted: 

1. Gaskets do not fall out during 
hopper handling of caps. 

2. Eccentric gasket application and 
consequent leakage are eliminated. 

3. Moisture transfer 
improved. 

Í. Production speed is increased. 


resistance is 


High Solid Solvent Solutions 


The second group of flowed-in ma 
terials, high solids solvent solutions 
of such polymers as Neoprene, Buna 
N and Thiohol are especially effective 
where a high degree of solvent resist- 
ance is required. 

The film is ordinarily formed by a 
dual dry-baking operation. The dry- 
ing phases drives off the solvent in 
about 13 hours. The baking cycle of 
about 21 hr at 325 F cures the film 
for the added solvent resistance neces- 
sary. This slow speed drying-baking 
cycle necessitates baking the gasketed 
parts on trays for full efficiency. 

The excellent adhesion of these ma- 
terials to most metal surfaces makes 
them especially adaptable where con- 
siderable handling of the gasketed 
part is involved. Low to medium vis 
cosity compounds make varied posi 
tioning of the gasket possible. 

One interesting application of this 
type of material is in the manufacture 
of automotive shock absorbers. The 
OD cap for a shock absorber cylinder, 
is lined with an annular gasket of sol- 
vent Neoprene compound near its cir- 
cumference; caps are then baked for 
60 min at 325 F in a gas fired oven 
The finished part is then crimped to 
the cylinder in a simple rolling opera 
tion in which the top edge of the cylin- 
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der is forced over onto the gasket 
to form the seal. 


High Solid Water Dispersion 

The third group of compounds is 
high solid water dispersions of nat- 
ural or synthetic latices. Starting from 
Neoprene, GRS, or natural rubber latex 
with a solid content in the range of 
30 to 65 percent, compounds may be 
formulated up to 85 percent total sol- 
ids. Once again, high total solids 
make possible short drying times and 
thick gaskets. As liquid compounds, 
these materials have good storage sta- 
bility since activators, if required, may 
be added where necessary just prior 
to use, 

Drying of these water base com- 
pounds to solid or sponge films requires 
trom 10 min to two hours. Gas fired 
ovens with recirculating air tempera- 
tures of about 200 F or less have 
proven most satisfactory. The resulting 
film is softer than the two types previ- 
ously considered and, like the others, 
may be designed with a slight wax sur- 
face bloom. It has good moisture vapor 
resistance and is specifically uiid 
where a gasket for protection against 
vibration or shock is required. The 
film with the widest industrial appli- 
cation in this group is the puffed or 
cellular sponge, although solid film 
gaskets in metal screw caps have been 
used in the food packing industry for 
years. By incorporating small stable 
air bubbles in the liquid com- 
pound prior to baking, a sponge is 
formed when the compound is gelled 
in the elevated temperature of the 
oven. 


Flowed-in Gasket Machines 

Where tolerances of weight and po- 
sition of the gasket are not stringent, 
and production rates slow, hand appli- 
ances may be used such as paint spray- 
ers Or grease guns. The area requiring 
a gasket may even be dipped in the 
compound and then baked. Where 
a circular gasket and higher produc- 
tion speeds are called for, however, 
semi-automatic of automatic equip 
ment is required. Such equipment has 
been in use for many years in the car 
manufacturing and metal screw cap 
industries for application of sealing 
compounds to metal caps for glass jars 
and to the ends of tin cans prior to 
can assembly. The principle of ma- 
chine application is simple and Fig. 
| schematic ally describes the essentials 
of the application. 


Baking the Applied Gasket 
Once applied, compounds may be 
baked or dried in any number of ways. 
In the case of the water dispersion 
group of compounds a simple drying 
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Fig. 2—Typical production setup: Where long drying-baking time is needed, 
2(A), trays are used. The water base gasket compounds normally require 1 Y2 hrs 
drying time and 21 hrs baking time. Plastisol compound gaskets, 2(B), can be 
set in a few minutes and a conveyor installation can be used. Note reduction in 
overall length and the decrease in handling necessary. 


takes place, so that an oven with re- 
circulating air heated by gas or elec- 
tricity will meet the requirements. 
Since the drying may take up to 90 
min, it is necessary to pe the parts 
on trays or in stacks and pass the trays 
or stacks through the oven in racks. 
Recently, some water based dispersion 
compounds have been developed that 
will dry in 10 min and for these, ovens 
have been built to permit dropping 
of the lined parts directly from the 
liner onto the conveyor of the oven in 
which they are baked, thus eliminating 
the labor necessary in tray stacking. 
Ovens of this sort apply naturally to 
the plastisol compounds where very 
short baking times are involved. Other 
baking methods have already been 
mentioned using high frequency in 
duction heating and conduction. 

In one application, the compound 
is initially gelled to prevent flow by 
placing the lined part in a small oven 
at 350 F for a moment. The part 


then goes through a regular paint 
spray operation and on into the paint 
baking oven where both compound 
and paint are baked at the same time 
Fig. 2 shows two typical: installations 
for the application of flowed-in gas- 
kets. One is designed for a solvent 
Neoprene or water dispersion com 
pound, the other for a plastisol com 
pound 

While there are many advantages, 
quite naturally, flowed-in gaskets also 
have their limitations. They are not 
resistant to the same high tempera 
Nor IS 
it feasible to apply gaskets of much 
less than 3 in. OD. Frequently, the 
high quality of a rubber gasket is not 
practical economically. In general, 
however, the low cost of the flowed-in 
materials, the labor savings through 
machine applications, the good ad- 
hesion and sealing properties these 
gaskets provide make them important 
in many industrial applications 


tures as are asbestos materials 


Table I—Characteristics of Flowed-In Sealing Compounds 


SOLVENT WATER 
PLASTISOLS COMPOUNDS DISPERSIONS 
Total solids, 7 . 1900 50-90 70-85 
Viscosity, cps 500—40,000 1,000 -500,000 1,000—-100,000 
Specific gravity of solid film 1.3-2.0 1.5-2.0 1.2-2.0 
Application temperature, F 110-120 Room Room 


Application method 


Hydraulic pressure 


Hydraulic pressure Air pressure 


Unsupported film thickness (in., max). 0.075 0.050 0.100 

Average baking schedule 1 min at 350 F 120 min at 325 F 90 min at 210 F 
Adhesion to untreated metal... . Fair Good Good 

Oil and solvent resistance Fair-Poor Good Fair 

Effective temperature range, F 0 to 200 45 to 300 45 to 250 
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PNEUMATICS. Look for high 
pressure pneumatic equipment to take 
over high speed operations in aircraft 
from hydraulic and electric controls 
Indications are that pneumatics will 
permit considerable space 
ind. weight. 

Designers have been avoiding pneu- 
matic systems because of the lack of a 
high pressure air source and informa- 
tion about the medium. The first ap- 
pears solved by the development of a 
14 Ib air compressor by Walter Kidde 
and Co., Inc. (See Product Engine 

g, April, 1952, page 140.) The se 
ond problern—information—is in the 
process of being solved. The National 
Bureau of Standards has instituted a 
study for the U. S. Navy Bureau of Air, 
to evaluate the properties and capabili 
ties of high pressure air for eventual 
use in aircraft systems 

In the meantime, Kidde engineers 
have designed a complete pneumatic 
system for Republic's F84G fighter 
Heart of this system is the 14 lb air 
compressor that can deliver in excess of 
four cu ft of free air per minute at a 
pressure of 3,000 psi. Such an output, 


savings 


singly or in series, is sufficient to power 
all controls, on present day planes, that 
are now hydraulically or electrically 
ictuated 

Another boost for pneumatic systems 
was given by the Air Transport Asso 
ciation in a report on “Design Recom 
mendations for Turbine Powered Air 
craft." It suggested that pneumatic sys 
tems be studied as the primary pow 
source for control equip ment 

Advantages of 
over hydraulic and 
cited as 

e Simplicity. Pneumatics syst« 
generally simpler than electrical or hy 

draulic types. 

e Weight. Such systems represent a 
considerable weight 
other types 


svstems 


pneumatic 
electric systems are 


ms are 


saving over th 


Air controls would elim 
inate the fire hazard associated with hy 
draulic fluids and electricity, and the 
air is non-corrosive and non-toxic 

e Maintenance. Pneumatic systems 
would be easier to maintain since slight 
leaks do not affect performance to the 
same extent they do in a 
system 


e Safety 


hydraulic 


e Versatility. Air controls operate 
over a wider temperature range than 
other types; they are less vulnerable 
to damage; and they permit exception- 
ally high energy delivery rates neces 
sary to operate large loads 
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Developments to Watch 


HIGH PRESSURE. The effect 
of high pressures on the atomic struc- 
tures of metals to form new structures, 


increase physical properties, such as 
strength, and as a means of testing 


metals for physical properties has 

gained substantial importance. In fact, 
high pressure instrumentation has been 
developed that permits, on a laboratory 
scale, the testing for the physical prop- 
erties of metals up to 30,000 atm at 
room temperature. 

The major problem that had to be 
solved to reach this pressure was the 
leakage of the transmitting liquid. As 
ittempts are made to increase the pres- 
sure this problem is replaced by an- 
other; to find some solid which remains 
sufficiently soft at pressures to 100,000 
atm to transmit stress approximately 
hydrostatically. Above 30,000 atm all 
liquids become frozen by the pressure 
with the exception of one or two. There 
appears to be hope along this line as 
silver chloride has been recently used in 
measuring the electrical resistance oí 
metals up to 100,000 atm. The real 
work is to find a suitable transmitting 
medium to explore the field of high 
pressure and low temperature 

Originally the problem had been in 
the strength of the containing vessel; 
however developments in high strength 
alloy steels with tensile strengths to 
550,000 psi -— arboloy have helped 
trc mne Carboloy, which has a 
of elk leon its Leinen in tension 
under high pressure. So, under tensile 
loading, it becomes stronger than steel, 
thus excellent for high pressures 

Some of the achievements that 
should result from these high pres 
sure studies are: 

e The breakdown of 
There are two instances now 
thought that a 
the electronic shells 

the atom has been forced by pres- 
sure. When the great complication of 
the electronic structure of most atoms 
tremendous amount or 
detail information can be anticipated 
by the process of complete atomic 
breakdown 

e At pressures less than required for 


electronic 
atoms 
known where it is 


rearrangement of 


is Considered, a 


atomic breakdown many new sub- 
stances may be created since it is 
now possible to combine pressures 


+ 


to 50,000 atm and temperatures to 
^,000-5,000 C. For example, at 25,000 
atm an intermetallic compound of tin 
and bismuth has been produced. Under 
ordinary conditions tin and bismuth 


Product 


form a simple eutectic system with no 
intermetallic phase. 

e Great increases in plasticity of 
metals—produced by pressure will 
permit increases in strength. For ex- 
ample, it is indicated that steel wire 
drawn through a die while completely 
immersed in a liquid under high hy dro- 
static pressure, has its strength in- 
creased twofold 


HYDRAULIC SERVOS. . Servo 
pumps, which are a combination of an 
electrically-controlled, variable deliv- 
ery, positive displacement, hydraulic 
pump and a rotary or linear hydraulic 
motor, exploit the advantages of fluid 
mechanics for feedback control applica- 
tions. Servo systems requiring outputs 
of between 1 and 100 horsepower are 
ideally suited to the servo pump. Some 
of the characteristics of fluid mechanics 
that contribute to its usefulness in servo 
circuit applications are: 

1) Low inertia of the moving parts 
of the hydraulic mechanisms allowing 
high accelerations, quick stops and 
small time constants. 

2) High degree of incompressibility 
of most oil hydraulic fluids, thus in- 
creasing tightness, rapidity and accuracy 
of control. 

3) Ability of most hydraulic mech- 
anisms to operate under stalled torque 
conditions and radical speed changing 
cycles without damage. This permits 
steady application of force independent 
of speed and use of dynamic braking. 

i) Ability to generate and use high 
pressures with good efficiency and con- 
fine these forces to a small part of the 
total circuit. A high ratio of force-to- 
inertia can be developed and a large 
amount of power can be sustained in a 
small assembly 

5) Hydraulic mechanisms are adapt 
able to electrical control, thus provid- 
ing practical and convenient means for 
remote control, large power amplifica- 
tions and flexibility of feedback 
methods. 

6) Flexibility of transmission of 
force, and versatility in producing mo- 
tion from this force. No direct mechani- 
cal connections are required for trans- 
mission of motion and either rotary or 
linear motion can be produced at the 
load. 

7) Smooth, stepless, speed control 
over wide speed ranges are possible. 
Some units have a smooth range of 
about 1000 to 1. 

The basic power imput to the unit 
may be any prime mover that will pro- 
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vide adequate power and substantially 
constant speed. Such drives as electric 
motors, auxiliary drive pads on an air- 
craft engine, air turbines or hydraulic 
motors are considered reliable systems. 

The direction and rate of fluid flow 
from the pump is controlled by the 
application of a small electrical signal 
to a solenoid. The velocity, position 
and direction of motion of the output 
member and the load is under control 
of this electrical signal and such feed- 
back circuits as may be desired. 

The power loss for control purpose 
is low because metering valve action is 
confined to a low-power level hydraulic 
system, designed to operate in the pres- 
sure range of 100 to 300 psi. The strok- 
ing system controls the amount and di- 
rection of stroke of the main power 
pump, which may operate at pressures 
to 4,000 psi. The final power output of 
the pump is determined by the amount 
of flow that the stroking system directs 
the power pump to develop and by the 
actual resistance offered by the load 


HYDRAULIC FLUIDS. . . . The ad- 
vent of high-speed, long-range, high 
altitude aircraft has placed the hy- 
draulic and hydraulic fluid industry in 
a challenging position. To maintain 
their present lead in the field of com- 
ponent pneumatics, 
above) considerable research and de- 
velopment work must be done to im- 
prove the temperature range of hy- 
draulic fluids from a present maximum 
of 200 F to values as high as 600 F. 

This range increase is being caused 
by engine power increases, miniaturized 
electronic equipment, skin friction, heat 
produced by dissipation of energy from 
higher pressure hydraulic systems and 
low heat transfer from such com- 
ponents in the rarified air. These heat 
valves are expected to increase the 
maximum operating temperature of hy- 
draulic systems from a normal 180 F 
to 450 F. Combined with the high 
temperature will be a low temperature 
requirement of —65 F caused by arctic 
use of many aircraft. 

A study of the applications to which 
the fluids will be subjected point out 
several necessary properties besides 
that of fluid stability to temperature 
combined with good oxidation resist- 
ance and low vapor pressures. The fluid 
should also be non-corrosive; non- 
toxic; exhibit a viscosity of 3.5 centi 
stokes at about 450 F and 2,500 centi 
stokes at —65 F; be stable to hydrolysis: 
exhibit stability to shear; have a pour 
point below —65 F and a flash point 
above 400 F; be non-foaming; and it 
must lubricate steel on steel sliding 
and rolling contacts. Quite an impres 
sive list for a single fluid 


actuation ( sec 


Product Engineering 


A survey of possible fluids that 
might meet these requirements included 
organo-phosphorus compounds; esters 
of mono and dicarboxylic acids; carbon- 
ates; borates; polyglycols; polysilox- 
anes; silicates and halogen containing 
compounds. None of these meet all 
the above requirements but some ex- 
hibit excellent potential by combina- 
tion, additives or further studies. For 
example, the mono and dicarboxylic 
acid esters would require only a suit- 
able viscosity index improver to meet 
all requirements; or, polyglycol, a 
thickening agent; polysiloxanes an ad- 
dition of certain halogen containing 
organics to enhance lubrication; and 
the silicates, possible further research 
and development to improve flash point 
and high temperature stability. 

On the basis of recent research 
studies, silicates can probably be pro- 
duced with higher flash point and 
greater stability and is one fluid that 
should be of increasing future im- 
portance. Further developments of the 
lubricity and thermal stability of the 
polysiloxanes are continuing and simi- 
larly this fluid has a bright future. In 
addition, the more unique synthetics, 
such as polynuclear aromatics, or- 
ganometalloidal and organometallic 
compounds, now undergoing labora- 
tory tests, may extend the future high 
temperature range of hydraulic fluids 
to 850 F and possibly, 1.000 F 


HYDRAULIC POWER TRANS- 
MISSION. . . . One of the newer de- 
velopments in the hydraulic field are 
motors and pumps operating in a 200- 
300 horsepower range. 1,500 and 3,000 
psi pressures are used and long dis- 
tance power losses are small. They are 
presently being used experimentally, 
but the auxiliary equipment has to be 
connected in serics and parallel to take 
the high hp ratings 

The big problem is thus in the auxili 
ary equipment. Directional and control 
valves are still under development and 
have not been perfected, as yet, to take 
the volume delivered by the high horse- 
power drive units. However, rapid ad- 
vances are predicted by several manu- 
facturers and once developed should 
allow these systems to take over from 
certain power transmission systems 

The main value seems to be on 
equipment needing high power con 
trol and where present transmissions 
involve universal joints. gear boxes and 
a variety of rearing between control 
The hydraulic system will 
need only simple piping between con 
trol and source. 

Manufacturers predict high power 
with low losses over long distances 
with ease of maintenance onc 
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equipment is out of development and 
into production. 


HIGH PRESSURE MEASURE- 
MENTS. . . . Although considerable 
work is being done on high pressure 
instrumentation several problems still 
exist. One of the major problems is 
the pressure me asurement in the range 
above the freezing pressure of avail 
able liquids where pressure has to be 
transmitted by a solid. 

The simplest method will probably 
be the most successful; namely, meas- 
urement of the total thrust on a piston 
of known area. Errors will be intro- 
duced by friction, which can not be 
eliminated by rotation of the piston as 
is possible when pressure is transmit- 
ted by a liquid, and by distortion of thc 
cross section. Friction may be mini 
mized by making the diameter of the 
piston large compared with the thick- 
ness of the solid on which the piston 
acts and by use of conical packing rings 
of minimum thickness to retain the 
solid. Distortion of the cross section 
may be determined from the displace- 
ment of probes let into fine holes in 
the wall of the pressure vessel. Pres- 
sures determined in this way will be 
used to locate various fixed points in 
the high pressure domain, such as suit- 
able transition points. There is, at 
present, one such fixed point, the 
transition point of bismuth in the 
range of 25,000 atm. 

A secondary measure of pressure 
will also have to be made. Whatever 
method is used it will have to be cali- 
brated and this calibration must be 
made against some fixed pressure point 
that has been previously established 
Such fixed points are offered by freez- 
ing and melting of various substances 
or by polymorphic transitions. Charac- 
teristics of such fixed points are: a 
unique pressure when approached from 
either direction, speed of attaining 
eauilibrium, change of volume or 
other change accompanying the transi- 
tion large enough to measure easily, 
and absence of super or subheating or 
pressing, There are not many transi- 
tions with all these properties. One 
convenient such transition point is the 
freezing pressure of mercury at 0 deg 
centigrade 

There is a pana ty that absolute 
pressure may be determined by use of 
formulas like the con 
ventional expression for the Joule- 
Thompson coefficient, connecting the 
change of temperature with pressure 
at constant total heat to volume, spe- 
cific heat and thermal expansion. Other 
examples are the pressure coefficient of 
electromotive force of a cell, or the 
pressure coefficient of surface tension 
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NOPAK Rotary Disc Valves 
have a reputation of being 
"practically indestructible”, 
They are noted for efficient, 
trouble-free operation, freedom 
from leakage and pressure 
loss, plus long service life with 
no maintenance under rugged 
operating conditions. The Pat- 
ented Cored-Disc, rotating at 
right angles to stream flow, 
results in the following ad- 
vantages: 


9 Precision Control through the 
complete cycle of valve oper- 
ation, from slow gradual throt- 
tling to instant full opening, 
without damaging shock or im. 
pact, or pressure cutting. 

® Precision Lapped Sealing Sur- 
faces of Disc and Seat actually 
improve with use, without in- 
terlocking contours. 


® Protection Against Grit Ab- 
rasion or Wire Drawing be- 
cause sealing surfaces are al- 
ways shielded from direct 
pressure flow. Exhaust blast 
is carried off through cored 
channels in patented disc. 

® Pressure Sealing—Line pres- 
sure is at all times against the 
valve disc — the higher the 
pressure the tighter the seal. 
Packless Construction — NO 
PAK Valves depend entirely 
upon metal-to-metal, precision 
lapped sealing surfaces for 
their proven, permanently leak- 
proof qualities. No "V" pack. 
ings, "O" rings or other seals. 


Note: NOPAK Hydraulic 
Valves have maintenance-free 
packing around spindle, be- 
neath operating lever, for add- 
E. protection against spindle 
seepage. 


For Complete Data and De- 
OPNOPAK Operat- 


É Vi write ior Illustrated 
Dulcia SW-1. 


NOPAK Straightway Shutoff 
Valve, 250 psi, is used in place 
of a Gate or Globe Valve where 
& quick acting, quarter-turn, lever 
operated valve is wanted. 


NOPAK Model ''R'' 4-Way Foot 
Valve has oscillating disc, no 
neutral position. Valve stem is 
pinned to spring return foot 
pedal. May be ysed as 3-way 
valve or 2-way spring-return 
shutoff valve by plugging appro- 
priate ports. 125 psi. 


NOPAK 500 Ib. Type 4-Way of 
sturdier construction than stand- 
ard disc type. Bronze for water; 
semi-steel for oil. 


NOPAK RECIPROTROL — Affords 
continuous, automatic reciproca- 
tion of a cylinder. Pre-setting 
determines stroke speed and 
stroke length; also precise loca- 
tion of fractional stroke. 50 to 
300 psi air or oil. 








NOPAK 3- and 4-Way Hand 
Valve, 250 psi, to actuate single 
or double acting cylinders. Seal- 
ing at right angle to stream 
flow permits gradual throttling 
or immediate full opening. 


Model RN" Double Pedal Foot 
Valve has spring return to ''neu- 
tral'" or. "shut-off'' position. 
This feature allows cylinder to 
be held at any point along 
stroke length and permits further 
'"imching'" in either direction. 
125 psi. 


4-Way Balanced Hy-Pressure Hy- 
dravlic Valves, 500 to 1500 psi. 
Designed for easy monipulation 
with no binding or pressure lock 
because internal pressure is 
always equalized. 


NOPAK Model V Reciprocating 
Vaive, operated by either 2 
compoct solenoids, or poppet 
cams, or monually controlled 
push buttons, or any combina- 
tion of these. Air, to 150 psi. 


NOPAK 3- 

and 4-Way Mani- 

fold Valves make an 

efficient and compact as- 
sembly where several cylinders 
are operated from a single lo- 
cation. 250 psi. 


Model ''F'" 4-Way Foot Valve 

has continvously rotating disc, 

no neutral position. Actuated by 

pawl and ratchet. Pressure re- 

mains on one cylinder port until 
dal is again depressed, there- 
y reversing cycle. 200 psi. 


Model *'F'' 3- and 4-Way Sole- 
noid Valve has continuously ro- 
tating disk, no neutral position, 
actuated by pawl and ratchet, 
same cycle as *"'F'' foot valve 
For air, oil or water to 150 psi. 


NOPAK 
““FLOTROL"’ 
Speed control Volve 
for Air or Hydrav- 
lic Cylinders. Com- 
pact, In-line de- 
sign, fits into 
"tight" places. 
Quick, easy ad- 
justment. Rust and 

corrosion proof. 


GALLAND-HENNING MFG. CO. 


2753 S. 31st STREET © MILWAUKEE 46, WIS. 
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hion sleeve enters head bore, air or fluid is trapped between piston and cylinder head, form? 


a "cushion" which acts over the entire piston diameter. 


Adjustable Type — furnished only in cylinders 3” or more in diameter. Needle valve adjustment 


Cushion remains constant 


governs speed at which piston travels during cushioned portion of stroke. 


Non-Cushion Cylinders—provide motion at constant speed for full piston travel—are recommended 


at all times. 


only where piston travel is slow or where piston is stopped before it reaches end of stroke. 


NOTE: Standardized design and interchangeable units permit cushioning of 
either or both ends, with either adjustable or self-regulating cushioned heads. 


*Class 4 — (See Footnote under Class 4). 


Model A` Parallel Base Mount- 
ing — for straight line, sh- 
pull applications where lids 
can be mounted on a flat surface. 


Model D” Right 
Angle Fiat Base 
Mounting — Rod 
End. Mounted on 
any flat base 
with opening for 
protruding cush- 
ion-boss and rod. 


— 


CLASS 3 — 6 Standard 
Mountings. For Line Pres- 
sures to 650 psi. 


Model *'E'' Heavy Duty Cylinder. 


The Heavy Duty Mill Type Cylin- 
ders come in a full range of sizes 
up to 16” diameter. Flanges are 
welded to cylinder body, elimi- 
nating tie rods. High tensile alloy 
iron heads attached by either 
heavy thru-bolts or studs. Cast 
steel heads furnished if specified. 


mw) Model “°C” Right 
Angle Flat Base 
M Blank 


End. ay be 
mounted on any 
flot bose with 
provision for pro- 
truding boss. 


Model ‘‘B"* Parallel Centerline 
Mounting — Also used for straight- 
line, push-pull action but cyl- 
inder is mounted on flanged pads 
parallel with its centerline, to 
permit effective installation in 
“*close quarters"’. 


Model “E” Pendulum 
Mounting — for artic- 
ulated or oscillating 

Usually fur- 


Class 4 - Series 1500 - For Hydrau- 
lic Line Pressures to 1500 psi 


Developed exclusively for high pressure service. Made of 
heavy gauge honed steel tubing, with f secured 
by lock rings. Heads cast of high tensile alloy. Flonge 
lock-ring construction permits head rotation on Models 
C, D, E and F for most convenient piping. Heads and 
glands secured by special alloy steel socket-head screws. 


*CUSHIONING ACTION — CLASS 4 


Because of the nature of hydraulic action, this class is 
offered as non-cushion or with adjustable cushions on 
either rod end, blank end, or both. © recom- 
mended where piston impact is to be avoided. 


Model *'*F'* Trun- 
nion Mounting — 
vsed where oscil- 
lating action in 
connection with 
side-thrust is en- 
countered. Trun- 
nion may be lo- 
cated within 
limits of tubing 
length. 


4 


Constr 


1 (For Pressures to 152 
Standard Tubing and Tie- 
Construction. Satisfectory for 
air, oil or water* operation 
at line pressures up to 150 psi. 


2 (For Pressures to 375 psi.) 


Recessed Head Construction. 
Same as Class 1, except that 
tubing (cylinder wall) is re- 
cessed into cylinder heads. 
Recommended for oil or water 
hydraulic* line pressures from 
150 to 375 psi. 


3 (For Pressures to 650 psi.) 


Standard Heavy Duty Con- 
struction. Extremely rugged 
fabrication for all types of 
heavy-duty applications at 
pressures up to 650 psi for 
diameters up to and including 
4"; and 450 psi for diameters 
of 442” or more. 


4 (For Pressures to 1500 psi.) 


Series 1500 High Pressure 
Hydraulic Construction. Extra 
heavy gauge steel tubing with 
lock-ring flange construction. 
Designed for oil or water hy- 
draulic* service at line pres- 
sures up to 1500 psi. 

*All four classes of NOPAK Cyl- 
inders may be used for either air 
or hydraulic applications. For 
water hydraulic applications, 
piston rods and steel tubing 
(where used) are chrome plated. 
Mountings: Class 1, 2 and 3 
are available in 6 standard 
mountings as pictured. Class 
4 NOPAK Cylinders are avail- 
able in all of the same mount- 
ings except "B". 

For complete Dimensions and 
Specifications, write for Bulle- 
tin SW-1l. If desired, we will 
also furnish address of nearest 
NOPAK Representative. 


GALLAND-HENNING MFG. CO. 


2753 S. 31st 


STREET e 


MILWAUKEE 46, WIS. 





you will find the modern approach to 


your SOLENOID VALVE problems... 
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\ C end fuliformot jononvalvesiof | M ILLIONS of CYCLES 


ai i (on most applications) 
The measure of performance in an electric valve is in 
cycles — millions of them in Skinner Valves... with the 
kind of guaranteed performance made possible through 
Stree! Stote r the constant research, lab testing and design facilities, 
ox.) know-how of Skinner engineers and the productive 
í capacity of an ultra-modern plant. Skinner Solenoid 
date Valves have a record of satisfactory and dependable 
performance in countless installations for gaseous or 
liquid control. Many models are Underwriters’ Approved. 
Let us approach your problem in the modern manner. 
Some of the many Skinner Valves are shown below. 


Name 


Company 


Hove sa sman ca lapp" 


V5-2 b X5 
2-woy 2-way | Same as 
0-300 p.s.i. 1 0-1000 p.s.i. 5 V5 valves 


(except 


explosion proof) 


0-300 p.s.i. 


vio Q i v50 


i 3-way 4 9 2-way 
y 0-1000 p.s.i. : 0-3000 p.s.i. 


LAN 


SKINNER ELECTRIC VALVE DIV., The Skinner Chuck Company, 114 Edgewood Ave., New Britain, Connecticut 
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Who says you 
cant please 
verybody? 
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product" 


PRODUCTION MANAGER 
“John Bean Qual- 
ity Control eases 
my production 
headaches” 
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PURCHASING AGENT 
"John Bean is a 
dependable source 


, Wee i = ; of supply" 


DESIGN ENGINEER 


e 
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SERVICE MANAGER 
"John Bean Pumps 
require mighty 
"little servicing" 


Wc 


AN 
— | D 
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serves a raise profit margin" 
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™ 
Yes, John Bean High Pressure Reciprocating Power Pumps 


will please everybody — including your customers. Modern, 
compact design, rugged construction, dependable service and 
quality materials make John Bean Pumps desirable for a wide 
range of applications. Inside and outside packed models avail- 
able in capacities from | GPM to 80 GPM and pressures to 
6000 PSI. 
mem mu GN NM NEN GNE NN S å å M S m S m 


PLEASE YOURSELF — send today 
for the John Bean Industrial JOHN BEAN DIVISION, LANSING 4, MICH 
, , . 


Pump Catalog. 
- GENTLEMEN: Please send me a copy of your 32 page 
industrial pump catalog. 


NAME — 


COMPANY__ 


JOHN BEAN DIVISION Y. : ADDRESS. 
Sul i 


FOOD MACHINERY and sot son ig 
tne CHEMICAL CORPORATION u— eph TIE 
LANSING 4, MICHIGAN = = E E E E EEEE NM ee 
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Jardar ELECTRO-HYDRAULIC 


An intricate special Turchan high pressure and volume 
tracer control system automatizes this modern skin 
mill manufactured by Simmons Machine Tool Corp. 


TURCHAN FOLLOWER 


For full information write CONTROL SYSTEMS DIVISION 
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INDUSTRIAL SERVO-CC 
SYSTEMS for 


Electro-hydraulic tracer 
servo control system de- 
signed, engineered and 

built by Turchan Follower 
Machine Co. for Niles 

Tool Works, Division of 
Baldwin-Lima-Hamilton Corp. 


MACHINE COMPANY 


8259 LIVERNOIS AVENUE, DETROIT 4, MICHIGAN 
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extra high safety 


NA factor! 


AIR CYLINDERS 


These new T-J Cylinders save up to 40% in 
mounting space—with streamlined design that 
eliminates tie rods. They're super rugged—extra 
high safety factor ... solid steel heads .. . heavy 
wall, precision honed, hard chrome plated, 
seamless steel body . . . leakproof cylinder head 


to body construction . . . heavy duty, hi-tensile, 


O 
SQUARE HEADS WITH TIE RODS 


hard chrome plated piston rod. 

Available with the new T-J Super Cushion 
Flexible Seals which insure positive cushion 
with automatic valve action for fast return 


/ 
NUN SPACE 
stroke. Many standard sizes and styles . . . for j 


eee ee Kot MES Z IN Pn 
jobs. T-J dependability. Write for bulletin 8152 T-) SPACEMAKER ... id 
adjacent equipment without sacrificing strength. 


CD ee) ETI. eee aa a 


RIVITORS AIR AND HYDRAULIC CYLINDERS. CUTTERS CLINCHORS 


The Tomkins-Johnson Co., Jackson, Mich. 
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A rugged compact VANE-TYPE power package : 


This all-new, vane-type power package is built for continuous duty at 2000 psi 


—and is ready to operate as a pump or a motor without alterations of any 


kind! Four sizes are available, with 16 different pump-volume or motor-torque 


capacities — 3 to 82 gpm as a pump, or 8 to 92 hp as a motor! Complete 
hydraulic balance assures longer life through reduced vane loading. Single 


stage design and many other features add to the outstanding 


eir adaptability of this Pump/Motor! 
KOS Send for Catalog P-5 
^ 
i: m 


These rugged, heavy-duty, high 
pressure, high volume pumps, of hy- 
draulically balanced axial piston de- 
sign are built for circuits developing 
up to 5000 psi. Both fixed stroke and 
variable stroke types are available in 
three sizes (600, 700 and 800 series), 
with deliveries of 10, 20 and 35 gpm 
respectively. Variable stroke models 
can be furnished with many types of 
controls for regulating volume — for 
example: hand-wheel, pressure com- 
pensating, stem or cylinder types. 

These pumps feature compactness of 
design, fewer moving parts and elimi- 
nation of thrust bearings. They will 
operate on oils in a wide viscosity 
range, and under extremes in temper- 
ature conditions. Although they are 


600, 700, 800 SERIES 


built for high pressure systems, their 
use for requirements less than maxi- 
mum provides a reserve that assures 
smoother and longer uninterrupted 
service life. 

In addition to face mounting, all 
three sizes can be furnished with flange 
or foot mountings. 


Send for Catalog P-4 





PUMPS and MOTORS 


to 2500 psi 













A fixed-stroke axial piston motor 
with a maximum torque rating of 510 
inch-pounds maximum—the equivalent 
of 24 hp at 3000 rpm. Operate: up to 
3000 rpm at pressures up to 2. 9 psi. 
Small, compact, efficient . . . a really 
! economical motor in first cost and in 
maintenance over the years. 

Send for Catalog FM-2 












FOUR SIZES. Plus a variety of cam rings for a variety 
of pump or motor capacities. 








INTERCHANGEABLE. Use as a pump or as a motor 
without alterations of any kind. 









ROTATES EITHER WAY. Operates either clockwise or 


counterclockwise. 


COMPACT DESIGN. Rugged simple construction gives D, UP to 5000 psi 


the Pump/Motor plenty of stamina for long, hard, 
continuous duty at 2000 psi. Only three major sub- 
assemblies. 


e — ee — —— — — — ——À o — — ——À o —— ——— — ———À —— —— RR 



























Powerfully built high-torque, axial 
piston fluid motors, of compact design 
built in three sizes. Torque ratings 
tange up to 5585 inch-pounds or about 
160 hp— yet even the largest is only 
about one foot in diameter. For sys- 
tem pressures up to 5000 psi. Maximum 

operating speeds; 2000 to 3000 rpm. 
3 Send for Catalog FM-3 





PUMPING CARTRIDGE 
OUTBOARD HOUSING 





SMALL SERIES 


These self-contained, vertically mounted pump- 
ing units, desi for 2 gpm to 11 gpm require- 
ments, are i for a very wide range of industrial 
equipment applications. All oper- 
ating components, including 
motor, pump, relief valve and 
gauges, are mounted on the remov- 
able top cover of the reservoir. 
They are available in 15 models 
operating with high effici and 
economy in a range of from to 
3000 psi. Reservoirs range from 16 
e ng in capacity. The base 






Constant Volume 


AXIAL PISTON TYPE 












unit is formed by the oil 
reservoir. Water-cooled, thermo- 






statically controlled oil coolers are 
available. 
Send for Catolog PU-3 


The pumping unit at left is one 
of a series of many models of this 
design, for circuits up to 5000 psi. 
Features include axial piston 
pumps for either constant or vari- 
able volume delivery of 10, 20 and 
Dy . +» . volume control by 

wheel, stem, or pressure com- 
pensation. All operating com- 
ponents, including electric motor, 
pump, relief valve, gauges and 
controls mounted on reservoir top, 
and removable as a single unit. 
Standard 2-pass heat exchangers with auto- 
matic thermostatic control available for 
extra heavy or continuous duty. 


Send for Catalog PU-4 














A small, very compact, and economical pump 
of high efficiency for a wide range of circuit 
needs. Hydraulically balanced, axial piston de- 
sign. Three models with pressure capacities to 
3000 psi, 1800 rpm, output to 9.5 gpm. 


Send for Catalog P-4 


CONTROL VALVES 
PRESSURE CONTROLS 


Bu 


3⁄4” to 1⁄2” 


3/4” to. 2” to 5000 psi 


LT 2 en 17." 
to 5000 psi ERU RUE 


to 2000 psi 


—— 


DIRECT 
OPERATING 


These simplified direct-operating pressure 
controls provide smooth, chatter-free control 
of systems up to 2000 psi. System pressure is 
always open to the bottom of the valve spool, 
so that instant response and fast action are 
assured. These low-pressure valves, provided 
as relief, sequence, unloading and counter- 
balancing controls, are available with or 
without built-in checks to suit your needs. A 
complete range of sizes and body types, with 
optional pressure ranges within each size. 


Send for Catalogs VRD-1 through VRD-8 


DIRECTIONAL CONTROLS 


Va to2. ME | LE 
To 5000 psi s To 5000 psi 


4-WAY 
PILOT- OPERATED, 
SOLENOID CONTROLLED 


A 4-way Directional Control specially designed to elimi- 
nate spool-sticking difficulties during long holding cycles 
or periods of extended usage in high-pressure circuits. Solen- 
oid operates pilot valving only; system pressure shifts valve 
spool. Operates smoothly and efficiently at all pressures and 
for all types of circuits. 

Send for Catalogs VD-4-1 and VD-4-2 


HYDRAULICALLY BALANCED 


Dension hydrostatically balanced pressure controls offer 
the finest, most accurate control of hydraulic system pres- 
sures. These compound valves provide unusually close con- 
trol over valve opening and closing pressures. 

With Denison pressure controls you can be sure of im- 
proved performance for systems up to 5000 psi, with equal 
efficiency for both low and high pressure circuits. You get 
long, trouble-free service, with an adjustment range for 
your exact needs. Their ability to withstand continuous 
heavy-duty service has been proved in thousands of installa- 
tions from the simplest to the most complex automatic sys- 
tems. Types and sizes for all needs. 


Send for Catalogs VR-2B and VR-S-2 


PRESSURE 
REDUCING 


For independent control of 
reduced secondary circuit 
pressures while the pri- 
mary circuit is operating 
at higher pressures. For 
requirements up to 5000 
psi and from 20 gpm to 65 
gpm. Threaded flange and 
subplate mountings. 


Send for Catalog VPR-1 


4-WAY MANUAL, 
MECHANICAL, ELECTRIC 
OR PILOT- CONTROLLED 


Denison 4-way valves are ruggedly built for every need, in !/;" 
to 2"sizes, and for all requirements to 5000 psi. Standard optional 
spools for many porting requirements. Manual, mechanical, elec- 
tric and pilot control of valve operation with combined pilot- 
operated solenoid controlled models for your toughest jobs. 
Three-land spools in sturdy subplate or threaded body types pro- 
vide the dependable service you need. 

Send for Catalog VD-3 


SURGE DAMPING CONTROL 


Va" to 1” 
to 5000 psi 


Eliminates destructive 
pressure shock in high- 
pressure hydraulic systems. 

Easily installed as a standard fitting. Does 
not interfere with function of other com- 
ponents. Adjusts automatically to any 
working pressure, requires only a fraction 
of a second to act. Cannot slow down cycle 
time. No adjustments necessary. Both in- 
dustrial and aircraft types available. 


Send for Catalog VS-1-A 


INDUSTRYS 


'/ DENISON 


aStydnrO0llica 


Bulletin No. 146 8-53 


MULTI-RANGE FLOW CONTROL 


Va" to 3" 
to 3000 psi 


Denison Multi-range 
Flow Controls permit full 
scale regulation of flow, 
for variable speed circuits. They are quickly 
and easily adjustable to various pump deliv- 
eries without changing spools — each valve 
meets many different circuit needs. Their 
compact, cartridge-type, single-spool design 
is ideal for meter-in, bleed-off and other op- 
erations at all circuit pressures to 3000 psi. 
For extra safety, valve bodies are built to 
witbstand 5000 psi. Twelve models, in 2-port 
and 3-port types, with or without built-in 
check. 6 to 28 gpm capacities. 
Send for Catalogs VFC-1 and VIC-2 


CHECK VALVES 


V4 ^to 1A" 
to 5000 psi Pi 


Denison now offers 
pilot-operated check 
valves in standard 
and sandwich-types for your 
circuit requirements up to 
5000 psi. Simple design and 
rugged construction assure de- 
pendable performance. Re- 
placeable valve seats simplify 
maintenance. Subplate or 
threaded body types. 


Send for Catalogs 
VPC-1 and VPC-2 


THE DENISON ENGINEERING CO., 1157 DUBLIN RD., COLUMBUS 16, OHIO 


Printed in U.S.A 





TYPICAL PERFORMANCE CURVE 


"7n PROVEN 
Iga La 4 
an LOWEST COST 


check the 
WEBSTER Line of 
Hydraulic Pumps 


PERFORMANCE CURVES FOR 2HCS GEAR TYPE PUMP 
OPERATING AT IOOOPSI WITH SAE NO. IO Olt AT (20°F 





HORSEPOWER 
CAPACITY, G.P. M. 
I 


Lá. 
| 

| LO | 
O 0/5—200 400 $00 800 


CHECK THESE FEATURES 


V Exceptionally compact design. 


V Wide selection of porting locations and mounting 
methods. 


v Integral relief valve optional. 
V Gear contour carefully selected for quiet operation. 


V Shaft design to accommodate various driving 
mediums. 


vV Engineered and precision-built for economical per- 
formance. 


V All materials carefully chosen for durability. 


y Design permits use in pumping other liquids having 
a substantial oil base. 


@ [t will pay you to get the facts about Webster Gear-Type Hydraulic ee 
Pumps before buying any pump. Here is a complete line of rugged, 
dependable pumps from 10 gph. to 10 gpm., engineered to operate 
efficiently at pressures up to 1000 psi. at speeds of 3600 rpm. or 
less—90 pumps of various designs and capacities to meet the widest 
range of requirements! 


Webster pumps are the product of skill acquired during nearly a 
quarter-century of experience. They have established an enviable 
reputation for efficient, dependable operation. All Webster pumps 


lend themselves readily to many forms of adaptation—and to modi- 


fication for special installations. All are available with built-in relief 
valve, if desired. 


Whenever you require pumps for lubricating, oil circulating, filtering, 


quiries. There is no obligation; just fill in and mail the coupon for 
further information. 


approx 
approx 
d 


OIL HYDRAULICS DIVISION 


WEBSTER W ELECTRIC 


RACINE || WISCONSIN 
"Where Quality is a Responsibility and Fair Déaling an Obligation" 


Pump Spee 


Pressure 


Send me information on WEBSTER Hydraulic Pumps as checked: 
Capacity 


Oil Hydraulics Division, Webster Electric Company 


Dept. PE-H, Racine, Wisconsin 


Name and Title 
Street Address 


Firm Name... 


i 
I 
1 
I 
i 
i 
4 
i 
I 
I 
i 
I 
i 
transfer or quiet hydraulic power applications, we invite your in- i 
i 
E 
i 
4 
I 
i 
d 
E 
! 
i 
I 


Í. ue e em em i 
WEBSTER ELECTRIC COMPANY, RACINE WISCONSIN e EST. 1909 


BR 
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PRESSURE RESPONSE CHARACTERISTICS 


Accurate sensing of any system pressure 
over an Adjustable Range of 15 to 3,000 
P.S.I. This adjustment range is obtained 
through 4 Fitting Kits which are inter- 
changeable on the same basic Body Kit. 
Will actvate an electric circuit at any pre- 
determined point on increasing or decreas- 
ing pressure. 


External adjustment screw for field setting. 


The Fixed Actuation Value varies from 10 
to 300 P.S.I. depending on switch setting. 


Models designated—H are for Hydraulic 
Oil only. 


Models designated—WA have stainless 
i . trim for use with Water, Air, and Gas. 


OPERATING CHARACTERISTICS * ORDERING DATA 


Actuation 
Value 











Adjustable Range 











Proof | Increasing Differential 
i 1 


Catalog 
Number 






Decreqsing 
Pressure | Min, E Min. Max. 








Approx, Service 













175 25 200 10-25* |HYD. OIL | 9612-0-H 
WATER, AIR, | 9612-0-WA 
| GAS** | 
+ — + + ——- + - 4+- f 
3,000 35 350 40 400 15-50* |HYD. OIL | 9612-1-H 
| WATER, AIR, | 9612-1-WA 
| | | Lud [cast | 
7,000 125 1400 150 1500 20.150* |HYD. OIL | 9612-2-H 
WATER, AIR, | 9612-2-WA | 
> + + + + |GAS** > 
7,000 | 250 2800 325 3000 35-300* |HYD. OIL | 9612-3-H 
| WATER, AIR, 


GAS** 


Pressures in P.S.I 


* Fixed at any pressure setting, varies as shown from lowest to highest setting. 
* Consult factory for CORROSIVE GAS SERVICE. 


BODY KIT (complete switch less fitting kit) may be purchased sep- 
arately — specify as 9612 BODY KIT. 
FITTING KITS for all services and pressure ratings may be interchanged 


and purchased separately — specify as 9612-0-H FITTING KIT, 9612- 
O-WA FITTING KIT, 9612-1-H FITTING KIT, etc. 


DETAIL DATA 
ELECTRICAL CHARACTERISTICS 


Incorporates an U.L. approved s.p.d.t. snap action switching element 
rated for AC and DC circuits. Recommended to operate relays, sole- 
noids, motor controls, and similar devices. 

Automatically reset by snap action of switch. 

Electrical connection is made through 13/16 hole for 1% inch conduit 
connector to screw terminals on switch. 

PRESSURE CONNECTION: '4 — 18 N.P.T. internal thread, 
MOUNTING: Two 9/32 holes in mounting bracket, 

WEIGHT: 2 pounds, 


J42 


BARKSDALE e MELETRON 
m PRESSURE SWITCH* MODEL 9612 


FEATURING 


Long service life 

The piston type pressure sensing element 
can be expected to perform millions of 
cycles under fast, continuous operation, 
where flexing elements will fatigue or 
rupture. 

Not sensitive to surges or vibration 
Generous piston travel plus extremely high 
proof pressure, prevents the undesirable 
actuation or damage from line surges, 
jarring or vibration. 

Flexibility of application 

The same basic switch body may be con- 
verted to any of the operating character- 
istics tabulated at left, by simply changing 
fitting kits. The easily accessible electrical 
terminals may be arranged to open or 
close the circuit on increasing or decreas- 
ing pressure. 


Tamperproof adjustment 

The switch setting is adjusted externally 
and locked in place to avoid its accidental 
disturbance. 

Pressed steel housing protects switch 
against dust, damage, and moisture. 
Mounting bracket is exceptionally adapt- 
able, may be rotated to any position on a 


full circle, or moved up and down on the 
neck of the switch. 


ACTUATION POINT 
ADJUSTMENT 
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MANUAL* 4-WAY SELECTOR VALVES * 1500 P.S.1.* OIL SERVICE 


FEATURING 
The patented "Shear-Secl" principle and 


its unique advantages: Leak-proof closure, 
low handle load, high flow capacity, no 
"wire-drawing," not critical to dirt, only 






FLOW PATTERNS one moving valve member, excellent throt- 
tling, no "freeze-ups," simple and rugged 
FLOW DIAGRAM OPEN CENTER design that pays off in long trouble free 


ON HANDLE service life. Valving members wear-in 


where others wear-out! 


P P 
M n NM en diagram incorporated on handle in- 
R R 


dicates flow for all actuating positions. 





P 
dp 
K4 
R 
Fully enclosed position stops and detents. 


CLOSED CENTER Extreme versatility for the Original Equip- 


ment Manufacturer: Straight porting read- 


P P 
F. E ily provides for manifolding, by using 
2 ! 2 ! QN 2 standard nipple and tee in pressure and 
S ^ | lls i lind 
return ports and street ells in cylinder 
R R 


ports (see installation hints on reverse 


| ORDERING DATA VALVE CHARACTERISTICS | — 





“Pedestal, bracket, or panel mounting. 
Spring centering and positive locking de- 
vice available as standard accessories. 
Designed for mass application and mass 
production. 

Low initial cost to keep the Original Equip- 
ment Manufacturer in a competitive posi- 
tion, and low maintenance to protect his 
17 LBS good name. 
























Handle Load 

| Valve Number | Minimum | Rated Flow (at end of 
Flow at 20 ft. per handle) at 

Passage | sec. velocity* 


3 
















Open Center | Closed Center 






V" N.P.T. 





G.P.M. 


C-121-S1-HO3 | C-121-S1-HC3 10 LBS. 








+—— = 
C-122-S1-HO3 | C-122-S1-HC3 9.5 G.P.M. 20 LBS. 











12" N.P.T. | C-123-S1-HO3 | C-123-S1-HC3 






Xs DIA. | 9.5 G.P.M. 20 LBS. 













34" N.P.T. |C-124-S1-HO3 | C-124-S1-HC3 27.5 G.P.M. 





30 LBS. 













C-125-S1-HO3 | C-125-S1-HC3 27.5 G.P.M. 30 LBS. 





* Valves are capable of withstanding velocities up to 60 ft. per second without modification. 


ACCESSORIES (at extra cost) 

SPRING CENTERING devices are available 
for '4, 3$, and Y inch 4-way valves. 
POSITION LOCK may be furnished for 
all valve sizes, where accidental move- 
ment of valve handle must be prevented. 
Snap action locked position can be changed 
only by intentionally pressing the release 
lever. 


fic catalogs on other Bark 
tches for all pressures 
ig 3M-1, 
i’ Valves, Shut-Off and 
P.S.I., Water, Oil, and HOUSING 
nd 4-Way Air Valves SHEAR Cr AL 
Shut-Off 
- do BODY 
jres lo JU 2 ilog 





5125 ALCOA AVENUE, LOS ANGELES 58, CALIFORNIA 
Product Engineering — 1954 Annual Handbook J43 





VW. R(NICHOLSON)s C. 


TRAPS-:VALVES-FLOATS 


200 OREGON ST., WILKES-BARRE, PA. 


Nicholson Control Valves 


For Single- and Double-Acting Cylinders. 
Many Special Applications. 


For Air, Steam, Water, Cil, Gas, etc. 
12 Types: All Pressures to 5,000 Lbs. 


Nicholson valves are furnished in 12 standard designs for “on-off” 
action and cylinder control; special types for distributing, metering 
ond alternating service, as well as for many other special operating 
cycles. 

In a wide range of plants—steel, metalworking, processing, etc.— 
many Nicholson cylinder control valves have now been in continuous 
service for well over 25 years. Their capacity for long, leak-free serv 
ice is confirmed by repeated installation records showing Nicholson 
valves actually improve with use. This is because the lapped, flat 
surfaces of their non-corrosive discs and seats tend to become smoother 
and tighter with each operation. 

Unlike many poppet or balanced piston units, Nicholson valves can 
be used for steam as well as for air, gas, oil or water. As a result of 
this adaptability, users of Nicholson valves need stock fewer spares. 
Specially treated hard seats and easy repacking cut maintenance time 

Nicholson valves feature an especially large selection of metal com 
binations; also gaskets and gland packing best suited to your service 
Valves furnished for all mediums and types of operation: lever, foot 
motor and solenoid. CATALOG 552. 


LEVER-OPERATED VALVES, 4 STYLES 


For air, steam, water, oil, gas, etc.; 
pressures to 300 Ibs. 
2-Way Type in sizes '4 
lever travel. 
globe valve. 
3- and 4-Way Types in sizes Ve 
60° and 120 


“ to 24%"; 60 
For use in place of gate or 


‘to 1% 

lever travel, with or without 
neutral. 3-Way for single, 4-Way for 
operating double-acting cylinders of 
presses, hoists, clutches, etc. Special types 
for plastic molding machines, open-hearth 
furnaces, 2-pressure press operations, etc 


FOOT-OPERATED 
VALVES, 2 Styles“ 


For air, steam, water, oil, 
pressures to 300 Ibs. 


gos, etc.; 


2 - Way 

Type in 

sizes 1⁄4” 

to 14". 

For pres- 

sure-tight, 

quick-acting shut-off service 

3- and 4-Way Types in sizes 44" to 1” 
3-way for single, 4-way for operating dou- 
ble-acting cylinders. Have many applica- 


tions on presses, hoists, rubber machinery, 


etc 


MOTOR-OPERATED VALVES, 3 Styles 
For air, steam, oil, gas, tar or water; pres 

sures to 350 Ibs. 

2-Way Type in sizes 4" 

and "Off" positions only. 

3- and 4-Way Types in sizes '$" 

3-way for single, 4-way for 


to 2'2"; with "On' 


to 1'4' 


the time between operations is variable 


double-acting 
cylinders, and for many special cycles where 


Sales and Engineering Offices in 58 Principal Cities 


SOLENOID-OPERATED VALVES, 3 Styles 


For oir, steom, gos, oil, water, etc.; 
pressures to 375 Ibs 

2-Way Type in sizes '4" to 1'2". For 

use where a quick-acting "On-and-Off" 

valve is required. 

3- and 4-Way Types in sizes !a" to 1" 

For remote or automatic cuml of sin- 
gle- and double-acting cylinders, and for 
special cycles such as distributing, pro- 
portioning, filling and emptying one or 
more tanks, coils, vats, etc. 

Types with or without neutral; for sus- 
tained or momentary contact applications. 
All types can be operated by push-button 
stations or time-cycle devices. Solenoids 
ore available for operating on AC or DC 
up to 550 volts. Other voltages on spe- 
cial order. 


Nicholson Welded Floats 


Spherical, Elliptical, al, Cylindrical. 2" to 14" 
Diameter. Press., Vacuum to 4800 Lbs. 


STANDARD WITH HUNDREDS OF MANUFACTURERS 


Nicholson heavy-duty welded floats are made of die-formed halves 
The butt-welded seam forms a reinforcement ring. For pressures to 
4,800 Ibs. Furnished in any type for external or internal pressures; in 
stainless steel, Monel, chromium, cadmium or copper-plated steels. 
Stainless and Monel in rough-buffed or polished finish. Nicholson 
floats are standard on hundreds of types of processing and steam 
specialty equipment, liquid level controls, etc. Standard or special 
connections. BULLETIN 753. 


STANDARD FLOAT CONNECTIONS 
= © 


Style 15 Style 25 Style 3S 


EP 3 


Style 4T Style 5E Style 6C 


R 


Style 7R Style 8E Style 9E 


Style 10R 
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Diversatifity rides again 


Valvair Speed Kings 
are small, light 

in weight, with a 
speed of 600 cycles 
per minute, and 
proven capable 

of 20,000,000 

cycles and up. 


The New Valvair Speed King line is complete — 3-way, 4-way, 
and 4-way-5-port (2-pressure), foot-mounted or sub-base manifold mounted; 
pipe sizes — %", %", V2", 34", 1". Complete — to fit almost 
innumerable applications. A precedent-breaker in size, weight, speed and endurance. 
Only one moving part. Non-corrosive materials throughout. 
Solenoid and pilot valve parts are totally enclosed, 
but easily accessible. Get all the facts! 
VALVAIR CORPORATION %61 searpstev ave., arron 11. onio 


REPRESENTATIVES IN PRINCIPAL CITIES 


E 
o> EDL ao a 
DIVERSATILITY 
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SERIES "N" 
HYDRAULIC 
CYLINDERS 


€ Long recognized as 
the finest hydraulic 
cylinder made. 


€ No tie rods; ideal 
for long-stroke appli- 
cations 


@ 12 bore sizes, I" to 8" 


€ ii mounting styles; 
many combination 


mountings available Write for Bulletin 110 


HYDRAULI 


ADVANTAGES 


^. Ground steel piston rod. Concentric 
with and locked to piston 

2. Pre-adjusted chevron packings in 
non-adjustable gland. This eliminates 
over-tightening, binding, etc. 

3. Alloy steel bolts — heat-treated for 
strength 

4. Seamless steel cylinder. Extra 
strength. Piloted to end caps to assure 
concentric assembly 

5. Positive seal piston rings. Lapped 
both sides for minimum oil slip 


6. Alloy iron Universal end caps. 
Rugged. Port completely rotatable— 
air vents four sides 


7. Cushioned caps when specified. 
Eliminate shock at end of stroke 


9. "TRU-BORED" perfectly straight 
and round, then honed satin smooth, 


10. Cast iron piston. Grooves preci- 
sion cut for superior seal. Piston con- 
centric with and locked te piston rod 
11. Confined “O” ring gaskets—seal 
positively, cannot extrude 


CYLINDERS 


HANNIFIN 
"CUSTOM" 

HYDRAULIC 

CYLINDERS 


@ Built in quantity for 
use on customers’ 
products 


@ Specially designed 
for each application 


€ Often tne most eco- 
nomical way to buy 
hydraulic cylinders 


Bring us your 
cylinder problems. 


HANNITI 


Hannifin Corporation, 1125 S. Kilbourn Ave., Chicago 24, III. 
Air and Hydraulic Cylinders èe Hydraulic Power Units e Pneumatic and Hydraulic Presses e Air Control Valves 
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HANNIFIN HAS THE 
MOST COMPLETE LINE 
OF AIR CONTROL 
EQUIPMENT! 


NEW! REVOLUTIONARY HANNIFIN 


P-M Pilot-Master Valves 


Piston-operated poppet design. 2 and 3-Way 
Exclusive replaceable cartridge for Valves. ks. 
easier maintenance. Speeds to 600 Same valve operates = 
cycles per minute. Pressure from 2-way or 3-way, nor- 
15 to 150 p.s.i. Integral, solenoid- mally open or nor- 
controlled pilot heads or a choice mally closed. ?4" to 


- » I 
of 10 separate pilot valves for VA" UP.S. 


remote control. 

@ Fewer Valves to Stock 

@ Fewer Parts to Stock 

@ Maximum Interchangeability 

@ No Springs in Main Valve 

Write for Bulletin 231. 
EXCLUSIVE REPLACEABLE 

CARTRIDGE 


A 


cartridges. 9s", 
34'' 1.P.S. 





AIR WARDEN © 


Air filters, pressure * i 
regulators and lubri- » 


cators to protect air ul 
k operated equipment 1 | 
va Bulletin 10108 * 








4-Way Valves. 


Two 3-way volves 
mounted in compact, 
common body. Two 
piston poppets. Two 
N 








Really complete, the Hannifin line 
of pneumatic cylinders is made in 
twelve bore sizes, 1" to 15", and in 
six standard mountings, many com- 
bination mountings. Really standard, 
these cylinders are tooled to toler- 
ances that assure accurate mounting 
to make assembly to your machines 
easier. Really built, each cylinder is 
“TRU-BORED” and honed, piston 
rods are ground and polished, inter- 
changeable end caps, heavy duty tie 
rods. ..rugged, yet precision con- 
struction throughout! 


Write for 
Bulletin 210 





Disc Type 


Air Control Valves 
Designed for smooth, positive and ac- 
curave control of air-operated equipment. 
Bronze discs lapped to perfect seal with 
seats. Packless design. For hand, foot or 
electrical operation. Sizes: '4" to 1'A"LP.S. 


Write for Bulletin 57-W 


Hannifin “Directair” 
siectrically controlled 


Standard hand 
control valve 
(Single or duplex) 


HANNITIN 


Hannifin Corporction, 1125 S. Kilbourn Ave., Chicago 24, Ill. 
Air and Hydraulic Cylinders è Hydraulic Power Units èe Pneumatic and Hydraulic Presses e Air Control Valves 
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MACHINE TOO 
L 
INDUSTRIAL EQUIPME 


NT 


MOBILE AND 
CONSTRUCTION 
EQUIPMENT 


Custom Built Power Units 

Balanced Vane Type Hydraulic Motors 
Hydraulic Power Steering System 
Variable Speed Transmission 
Hydraulic Accumulators 


Hydraulic Cylinders 








for the design engineer 
D for the design engineer 
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k e than a quarter century of hydraulic 


Whenever you are confronted with a design 

Š problem including hydraulics, you will find it help- 

proved its superiority in a great variety of applica- ful to refer to the appropriate Vickers bulletins. 

tions serving practically all types of industry. Get in touch with the nearest Vickers Application 

In addition to such bulletins, Vickers has on filea Engineering Office for additional specific data you 
wealth of specific application information, design may require. 


ICKER$ INCORPORATED: DETROIT 32, MICHIGAN gp DIVISION. OF THE 


145 4 OAKMAN BOULEVARD 


Application Engineering Offices: ATLANTA + CHICAGO (Metropolitan) + CINCINNATI + CLEVELAND «+ DETROIT + HOUSTON + LOS ANGELES (Metropolitan) 
NEW YORK (Metropolitan) « PHILADELPHIA «+ PITTSBURGH + ROCHESTER + ROCKFORD + SEATTLE e TULSA + WASHINGTON + WORCESTER 





A NEW 
HYDRAULIC 


300 P. S. I. Cylinders 


2000 P. S. I. Cylinders 


Fixed Displacement 
Pumps & Motors 


at) e 
Jmm 











COMPLETE LINE OF 
COMPONENTS 


4-Way Threaded Valves 


4-Way Flanged Valves 





a CYLINDERS — Over 800 basic models — 1⁄2” to 12” bore 
sizes — 150 P.S.l. air or 300, 2000 or 3000 P.S.I. oil hydraulic 
service — Wide choice of standard mountings — Available with male 
or female, standard or 2:1, single or double end piston rods — 
Adjustable stroke — With or without cushion and with many com- 


binations of mountings — Single acting, collapsible or telescoping, 


large bore and other special cylinders to meet unusual requirements. 


W DIRECTIONAL VALVES- 4woy ond 2-woy threaded 
valves, '4" to 1'4" in size for 2000 P.S.l. service — Manual, cam, 
foot, solenoid, oil and air pilot operation — Six spool styles — Stem, 
knob, lever ond a new quadrant type control — Some models, types 
of operation and sizes also available with flange connections for 
3000 P.S.I An equally complete line of gasket mounted valves, 

to 4", 2000 ond 3000 P.S.I 


3175 models with modern, improved styling for a maximum of service. 


Also rotory pilot valves — Over 


Planned to make circuit layout 
easier—Saves time for engineer- 


NINE NEW 
ing and purchasing — Complete 
CATALOGS line classified and catalogued 


according to type, style, product 
ond pressure range — Check 
catalog numbers of components 


suited to your requirements and 
MAIL COUPON TODAY! 


checked below: 


] 7401 — Pumps, Motors, 
Power Units 





] 2701 —Cyhnders—150 
P 54. Air, 300 P 5.11. 04 


C) 2721—€Cylinders — 
2000 ? 51 


741 —Cylinders— 
3000 ? 51 


] 71801 — Yalve:— 2000 
PSI. Threaded 


[] £821—Yolve:— 3000 
P 51. Flenge 


) Z8I—VYolves— 
—Write for H-P-M’s 3000 ? 5.1. Gasket 


NEW, Fact-filled component 


catalogs TODAY! 


[] 2901—Accessories 


=100i—H P M Engineering 
Manvel 


Ye 


Please send me the New 
H-P-M Component Catalogs 




































2-Way Gasket Mounted Valves 


ll FUNCTIONAL VALVES — Relief, sequence, unloading 


pressure reducing, counter-balonce, flow control and check valves 


Threaded connections, 4" to 1'?" sizes for 2000 P.S Flanged 
connections, '2" to 2'2" sizes for 3000 P.S.I Gasket mounted 
49" to 242" for 2000 ond 3000 P.S.1 Smooth, balanced control 
Minimum pressure differentiol required for operation 

I PUMPS AND MOTORS — fixed displacement pumps 
and motors — Plain, foot, flange and motor mountings Capacities 
l to 120 GPM 1000 P.S.I Variable displacement pumps ond 
motors — Radial piston type — Capacities ] to 185 G.P.M., 3000 
P.S.I Ample selection of pump control equipment ovailablk 


ll POWER UNITS — Reservoir copocities 7 10 200 gallons 
Fixed displacement or variable displocement pumps or combination 
thereof Modern design Completely 


clean — Compact — For every circuit requirement 


lll ACCESSORIES — To complete the circuit—filters, gauges 
pressure switches welding flanges, heot exchangers, slig ints and 


other equipment 


ONE source for your hydraulic circuit requirements! H-P-M makes 


circuit planning specifying and purchasing easier ond ossures 


AULIC 
N 


iR 


undivided responsibility to the user 


H 












YDR 


THE HYDRAULIC PRESS MFG. CO 


MOUNT GILEAD, OHIO, U. S.A 


NAME TITLE 
COMPANY 
ADDRESS 


CITY ZONE STATE 


Rotary Pilot Valves 


Threaded, Flange ond Gasket 
Mounted Functional Valves 






WHEREVER PIPING MUST MOVE 


—BARCO BALL JOINTS 


“One joint does the work of two or more !"—because it moves in any direction. 
Standard the world over where low cost, leakproof movable joints are needed 
in piping handling steam, air, water, oil, gas, or chemicals. Many models 
available. Up to 40° side flexibility plus 360° swivel action. Also used to facil- 
itate quick connection of piping, overcome misalignment. Pressures to 7,500 psi; 
temperatures to 1,000°F. 15 different sizes, 4" to 12”. Ask for Catalog No. 215 


— also swivel motion 


eeeeee eer eeee eee eee Heese eeseeeseeeeeseeeseesesreseeese ees 


—BARCO SWIVEL JOINTS 


Self-aligning! Exclusive side flexibility (up to 10°) speeds up and facilitates 
installation; prevents binding. Widely used for making compact, low torque 
swivel connections to reciprocating or rotating parts on platen presses, tire 
molds, die casting machines, oil burners. Easy to position piping accurately— 
no sagging, flopping lines. Leakproof, safe — pressure or vacuum. Ratings as 
high as 600^ F., 3,000 psi (hydraulic). Sizes, 3$" to 2"; angle or straight. 

— also limited angular motion F Catalog No. 265A. 


—BARCO REVOLVING JOINTS 


Superior design insures trouble-free performance, minimum roll drag, and up 
to 50% power savings. Inherent low torque is little affected by increasing 


pressure, speed, or temperature. Parts are easily accessible. Light running 


fA 


action minimizes wear, permits free-floating installations. No adjusting neces- 
sary—long, leakproof service. Ratings to 250 psi (steam); 450°F. Single flow 
or syphon styles. Sizes 2" to 2" and special to 5". Wide choice of models. 
For detailed informotion, ask for Catolog No. 300. 


—BARCO SWING JOINTS 


Barco's new line of ball bearing Swing Joints is complete with sizes and styles 
to meet every requiremen! on loading racks, fueling assemblies, and chemical 
applications. "O" ring gives long life, leakproof seal. Full bearing surface, 
swiveling 360^ in one plane (single swing) or in two planes (double swing), 
supports normal piping. Ball bearings can't fall ouf. Built in steel for pressures 
to as high as 1500 psi (hydraulic); temperatures, —40^ to 225^F. 11 styles: 
straight, angle, double angle, counter balance. Sizes 2”, 22", 3”, 4”. 
Catolog No. 400. 


HIGH PRESSURE HYDRAULIC SWIVEL JOINTS — In addition to the four types of flexible joints 
illustrated above, Barco produces a complete line of High Pressure Hydraulic Swivel Joints for 
use with small diameter tubing or pipe. Send for Catalog No. 269. 


BARCO Wuuipfacturing Co. 


552 Hough St., Barrington, Illinois (A Chicago Suburb) In Canada: The Hoiden Co., Ltd. 


FREE ENTERPRISE—THE CORNERSTONE OF AMERICAN PROSPERITY 
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RACINE 


ALL COMPONENTS FOR ANY HYDRAULIC CIRCUIT 
"They work better Together Q 


- E ? g 
usm WRITE FOR NEW CATALOG AND | m! NI 
| NAME OF NEAREST FIELD OFFICE. a S 
| Complete Engineering Service R 


dais Available without charge. Address: ' 


bo fi 


RACINE HYDRAULICS & MACHINERY, INC. d 


T a 
D EF.. 
2072 ALBERT ST., RACINE, WISCONSIN, U.S.A. "R7 


\S 
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CHOOSE BLACKHAWK 


for your product 


Electric Power-Packer 


Here’s the dependable 
cally-operated 
ments 


answer for electri- 
control of imple- 
Uses a 6-volt 


hydraulic 


and attachments 


standard automotive starter-motor for power. 


Speed 


Lifts the load three times faster 


than hand-operated pumps. 


Remarkable Efficiency means low battery 


drain. 
battery 
operating after 


Tests show ordinary 6 
(without rest or 
150 average 


volt 


charging ) 
lifts. 


auto 
still 


Positive Displacement mcans no slippage 


under varying temperature and load con- 
ditions. 


Control is simple, precise! It 


lifts and 


lowers at any desired speed — and holds 
the load, too. 


Quiet, Smooth Operation— no peak loads 


on 


the 


battery — thanks to the balanced 


4-piston wobble-plate pump. 


Simple Installation 
age — pump, 


Hand-Operated Power - Packer 
(Double-Acting) 
standard” by hundreds of 


No other hand. 


equals its sales records. 


Specific ] as 


equipment manufacturers 


pum 


SPECIFICATIONS 
—————M— 
MODEL | P-60 
Maximum Pressure | 

P.S.I.) | 
Displacement per 
stroke (Cu. In.) 


Diameter of 
Pump Pistons 


n. 114 cv. in, 
Reservoir 


ty (Cu 


closed 
231 cv. in. 
vented i 


closed 
231 cu. in. 
vented 


Capa In.) 


Weight 30 
Also 
tegral 


lbs. Has 4" N.P.T. Port. 
available without reservoir for in- 
mounting. 


It is a complete pack- 
I 


reservoir, valve and electric 


Hand-Operated Power-Packer, Jr. 
(Single-Acting) 
The low cost of this refined, compact 


pump permits hydraulics on a 
broadened range of equipment. 


series 


SPECIFICATIONS 


ERE 
| P-147 


MODEL P-146 


Maximum Oper- 
ating Pressure 
(P.S.1.) 


P-148 


6000 
Displacement ` 
per Stroke 15033 


5000 


— 


2500 - 


.19635 | .37122 
+ 


Diameter of 


Pump Piston 


b" [11/16" 


Handle Effort at 
Maximum Pressure 


57 Ibs. j 61 Ibs P Ibs. 


Reservoir 


Capacity 45 cu. in. when closed 


Weight 14 Ibs 
port bushed to “ 


N.P.T. 


oz. Has *s" 


N.P.T. 


See Sweet's Product Designer's File 


head. Only four mounting holes. 
4" N.P.T. 
ment 


Port is 
for use with Blackhawk equip- 
hose. 


SPECIFICATIONS 


MODEL | P-247 | P-248 
Normal Operating j 


Pressure (P.S.1.) | 5000 | 2500 _ 
Maximum Intermittent i T 
Pressure (P.S.1.) — — | 1000 | — 


Reservoir Capacity i 
(Closed Reservoir) 


5000 — 


105 cu. in. | 105 cv. in. 


Reservoir Capacity 


(Vented Reservoir) 166 cu. in. 


For use with ó volt D. C. Systems. 


166 cu. in. 


P-248 delivers 70 cu 
2500 p.s.i with p 
another example it c 
minute t 5000 p.s 
watts 


at 


at 815 
Weight 58 

(Electric pump-head is available as separ- 
ate unit for converting P-60 and P-63 Pow- 
er-Packers from hand-operation to electrical 
operation in the field Its ea ause 
reservoirs of hand-operated and electrically- 
operated units are identical.) 


be 


Power-Driven Power-Pccker 


Pump, valve and reservoir are in one 
package eliminating expensive piping 
and installation problems. The pump 
has the same characteristics found in the 
popular P-104 Pump (opposite page). 


SPECIFICATIONS 


Capacity of G.P.M. 
at 900 rpm 

Maximum Intermitten 
Pressure (P.S.1.) 
Normal Operating 
Pressure (P.S.I.) i 
Recommend Speed 
Range (rpm) 


1.375 1.375 


4000 4000 


2500 2500 


i 600-120 600-1200. 


ne 
Reservoir Capacity | 
(closed) i 


1 gal. Vs goal. 


Reservoir Capacity 1 gal. 


(vented) 
Weight 
¥,'° N.P.T. port. 


2 gal. 


70 Ibs. 5212 Ibs. _ 


YOU ARE INVITED TO WRITE FOR FULL FACTS — mentioning Blackhawk components in which 


you are specifically interested. Engineering counsel willingly furnished—in confidence. Blackhawk 
Mfg. Co., Hydraulic Control Division, Dept. P-53113, Milwaukee 1, Wis 
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HYDRAULIC CONTROLS 


Scores of critical designers and buyers recognize that Blackhawk hydraulics 
create exclusive advantages for the engineering, manufacturing, sale and service 
of their products. Blackhawk has specialized in this field for over 25 years. 






15 H.P. 6-PISTON WOBBLE- 
PLATE POWER - DRIVEN PUMP 


'This modern. pump — No. P-237 — offers over-all effi- 
ciencies above 90% — with no premium in price. Positive 
displacement makes a wide range of pressures and speeds 
practical. Delivers 3 G.P.M. at 1350 R.P.M. and 6000 
P.S.l. with only 11.65 H.P. input. Following are charac- 
teristics at maximum recommended speed and pressure for 
intermittent service. 







Pressure 
4800 P.S.I. 
6000 P.S.I. 






Weight — 40 ibs. 


5 H. P. TWIN - PISTON 
POWER - DRIVEN PUMP 


The positive-displacement P-104 pump 
is famous for the amazing perform- 
ance it achieves with its low-cost 
design. Practical for pressures up to 
4000 P.S.I. in intermittent operation. 
At 900 R.P.M. it delivers 1.375 
G.P.M. at 4000 P.S.I. with 5 H.P, 





input. 
SPECIFICATIONS 
Recommended maximum pressures 4000 P.S.I 
for intermittent use P.S.I. for continuous use. 
Capacity (at 900 R.P.M), 1.375 G.P.M 
Speed (at maximum pressure ) minimum, 600 R.P.M.—Recom- 
mended, 900 R.P.^ Maximum, 1200 R.P.M. (Maximum speed 
can be exceeded with redaced pressure) 
The integral safety valve is normally set 500 P.S.I. above working 
pressure 
Over-all dimensions 54" x 75$" x 74" (including shaft) 


— Weight: 18 lbs, 4 








RAMS 


Blackhawk offers a long line of 
standardized hydraulic rams. Ex- 
clusive, leakproof designs. Special 
single or double-acting rams are 
produced on quantity orders. 





BLACKHAWK QO xz, 
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VALVES 


"VALVBANK" POSITIVE- SEALING 
CONTROL SYSTEM 


The V-68 valve is an open-center, 
series-type precision-control valve. Hy- 
draulically balanced, it handles up to 
6000 P. S. I. working pressures with 
finger-tip actuation. Flow o! up 
to 6 G.P.M. “Valvbanks” can be built 
up in any combination of single and 
double-acting control units and in- 
clude a relief valve. It is spring- 
returned to the neutral "hold" posi- 
tion, providing "deadman control." 
All ports are 42” standard pipe thread. 


SELECTOR -TYPE CONTROL VALVE 


The V-66 precision control valve is 
for use up to 4000 P.S.I. and 2.5 
G.P.M. Available in "bank" style like 
the V-2& Compact. Normally recom- 
mended tor use with the P-104 power- 
driven pump. Handle remains in se- 
lected position until manually returned. 


Has % N.P.T. ports. 


SINGLE-ACTING POSITIVE CONTROL 
VALVE 


An open-center, spring-returned, sin- 
gie-acting control valve. Simple con- 
struction—low cost—rugged. The V-15 
includes a cushioned lowering device 
which also allows connection of valves 
in series for multiple ram control. For 
light return loads, the V-16 affords 
less restriction in returning oil, but 
can be used in the control of only one 


ram — handling up to 2.5 G.P.M 
maximum flow and 4000 P.S.I. oper- 
ating pressure. All ports are %  N.P.T. 


bushed to 4" N.P.T. for use in sys- 
tem that has small volume. Weight 
—6 lbs. 12 oz. 


AUXILIARY VALVES 
Blackhawk Valves are also available 


for remote release and relief purposes, 
adjustable throttling, manual shut-off 
and safety pressure-release. 


HYDRAULIC 
































































































































































Throughout 
Industry 
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“stout 
heart” 


Am m — m m o M UM M L 


of any 
hydraulic 
ITI 


c€ROTOn 


Ala it: 


Series “B” Hydraulic 
Pumps ... 3 sizes, for con- 
tinuous pressures up to 1000 
p.s.i. Deliveries from .4 to 1.5 
g.p.m. at 1800 r.p.m. 


Series “QH” Hydraulic 
Pumps ... 4 sizes, for con- 
tinuous pressures up to 1200 
p.s.i., intermittent to 1500. 
Deliveries from 3 to 12 g.p.m. 
at 1200 r.p.m. 


Series “O” Hydraulic 
Pumps... 4 sizes, for con- 
tinuous pressures up to 1000 
p.s.i. Deliveries ‘from 20 to 
40 g.p.m. at 1200 r.p.m. 


GEROTOR MAY CORPORATION, BOX 86, BALTIMORE 3, MARYLAND 
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nr - HIGH PRESSURE 
HYDRAULIC CYLINDERS 


HARD 
CHROME PLATED 
PISTON RODS 


Prevent Scratch-Damage, 
Nicks and Rust 


SOLID STEEL HEADS, 
CAPS and MOUNTINGS 


Eliminate Breakage 


DIRT WIPER SEALS Standard Leather Cup Seal As- 


Protect Rods, Seals, Bushings sembly Shown Is Interchange- 
lj able With Miller Standard Piston 


Ring Piston Assembly 


MET J.1. C. HYDRAULIC 
STANDARDS years before 
their adoption in 1949, 


WRITE FOR CYLINDER BULLETINS H-104 and A-105 
Complete Miller cylinder line includes: air cylinders, 
1" to 20" bores, 200 PSI operation; low pressure hy- 


draulic cylinders, 15" to 6" bores for 500 PSI opera- SPACE-SAVING SQUARE 


tion, 8" to 14" bores for 250 PSI; high pressure hydraulic LN : 1 
cylinders, 115" to 12" bores, 2000-3000 PSI operation. DESIGN originated by Miller in 


All mounting styles available. 1945. 


SALES AND SERVICE FROM COAST TO COAST biis MOTOR oli 


CLEVELAND * YOUNGSTOWN « DAYTON « PITTSBURGH « PHILADELPHIA e 
BOSTON o HARTFORD e NEW YORK CITY e BUFFALO e ST. PAUL © GRAND 
RAPIDS « DETROIT « FLINT * FORT WAYNE « SOUTH BEND « INDIANAPOLIS Ud 4002-04 N. Hawthorne Ave., Melrose Park, Ill. 
e MILWAUKEE « LOUISVILLE « KANSAS CITY « SEATTLE * LOS ANGELES « 


SAN FRANCISCO « BALTIMORE « DENVER « ST. LOUIS « MOLINE e CHICAGO 3 7 
* HOUSTON «+ TORONTO, CANADA and OTHER AREAS 






AIR & HYDRAULIC CYtINDERS BOOSTERS > ACCUMULATORS 
COUNTERBALANCE CYLINDERS 







FROM EXPERIENCE . Want peak 
quality packings—a complete line of 
hydraulic and pneumatic packings, 
both rubber and leather? You get 
both of these from Houghton! But you 
get a lot more, too. You get the bene- 
fit of more than 40 years' accumula- 


tion of intensive research and experi- 
ence in the design and application of 
packings, PLUS technical data ac- 
quired through working hand - in - 
hand with thousands of customers, 
and the engineering aid you may 
need to solve specific problems. 


... and when it comes to specifying... you get the type you need 


Houghton rubber-impregnated VIM Leather Packings 
represent the latest advance in design and fabrica- 


tion. They are thoroughly impregnated with rubber, 


not merely surface-coated, and combine the best 


features of both leather and rubber . . 


. the strength 


and long life of leather and the non-porosity, heat 


resistance and resilience of rubber. 


—Houghton also supplies—and has for the past 40 years—a complete line of 


leather packings, impregnated with a variety of exclusive treatments to give best service 
against the hydraulic medium used. These, too, are engineered packings, guaranteed to 
last at least twice as long as any other packing when properly installed. 


—Houghton VIX-SYN 
Packings give top service. They are made 


from a variety of compounds of synthetic 
rubber, suited to the particular operating 
requirements. These packings are 
supplied in both homogeneous and 
fabricated types, to cover operat- 

ing temperatures from minus 


65° F. to 300° F. 
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The Shape You Need... 


“V” types, flat washers, “O” rings, discs and gaskets 
are available for application at any pressure. You get 
all your hydraulic packing needs quickly, easily, 


surely. 














Now Houghton has the answer to 
"Hydraulic Fluid Fires". HOUGHTO- 
SAFE is a new product—the first 
ever offered that combines maximum 
fire resistance with top Hydraulic 
Efficiency. It won't burn .. . won't 
explode . . . WILL maintain highly 
efficient performance. The result 


. . . products of 


eT Te aaa 
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In either VIM or VIX-SYN packings you can get exactly 
the shape and size you need. Cup, flange, “U” and 


d ST has AAS 






Ready to give you on-the-job service . . . 





orig « 
U-type 


Pius Handy Helps 
The Houghton Man has the technical aid you may need as well 
as quick access to Houghton's engineering and research 
departments. Chances are, however, that you can find 
the answer to problems troubling you in ‘Packing 
Standards" —the Houghton book accepted as the 
standard by all industry. It may be obtained from 
your Houghton Man, or will be mailed on request 
— without cost or obligation. Houghton's com- 
prehensive handbooks on Leather and Syn- 


thetic Rubber Packings are now being re- 

printed . . . will be available again soon. 

E. F. Houghton & Co., 303 W. Lehigh 
Avenue, Philadelphia 33, Pa. 


of more than 5 years’ research, 
HOUGHTO-SAFE has been inten- 
sively tested for fire hazard by FAC- 
TORY MUTUAL LABORATORIES, 
and is reported as "an acceptable 
hydraulic fluid from the fire hazard 
standpoint". Ask your Houghton Man 
about HOUGHTO-SAFE. 


ERL INE 
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Shown here is a cutaway section of Anchor’s 
exclusive Ductile Sleeve Coupling. Factory ap- 
plication of the Ductile Sleeve Coupling is your 
best assurance against leaks or blow-off. This 
superior grip provides a plus margin of safety. 


FEMALE 1.2 Sha THO 


Female x Female 


rk? H —. lll 
2 A 1 , 
Adapter Unions n E HIR 








ANGLE ADAPTER UNIONS 


Sizes and Types for every need. 


& 








aes Y wow " 
þe o aja p | p— o - 
AT + ——— —-—Tr. 
PAN f 1 F r- - ---- m f 
* N^ 3 + * LI H a4 
Z1 E )£——4 -o soe $ 
A VH —= Le 
=od | AnA INO MEDA 
o~ 
Mar 
Catalog Appros Recom 
No rst monded 
Soh Thread ' Pres Work 
Coupling Sue ^ B € Max ) "^" P t PS! Psi 
3- 2m8 ^ w & $6 7$ "(4 7"& % © I M 12.000 3000 
M. AMB a We "n 6 oU. oU o7 WoW PM, M 12,000 T 
LE ^ & e A & MN lu Wo PPS X 10.000 2.500 
af- ame 4 9" v $ lg s 6 P, M 10.0 2.500 
4f. 6M8 ^ 6 Ue ow ` t hg s PH k 10.000 2.500 
&f- AMB M UQ Me le & Ie & hy 8.000 2.000 
oF. ome ^ + '% “ le & g t T 8.000 2 000 
6F. awe * 4 Ul. k lUe Me Pe 8 006 2.000 
*$6-8M)B A.M f * UU % % k la s ™% ^. * 000 2.000 
oF. ome ^ Me Me lis "e ils He 2a 1 7 000 1.750 
of. ome = ™% Ie % le Me Ye De: 7 000 1.750 
W -10m8 5-14 NF ib o lg mp l k X Me 1 7.000 1.750 
12F -12M8 ^ * D. P1. iy k h 5 000 1.250 
*12F-12M$ a lis Pio iis l'e *& X 2$ Ih 5.000 1290 
16F 16M6 i i I i * i* I Ww] 2 IN 4.000 1 000 
20F -200$ i% Me i'M 2 iSe l'ig P. 24 2 2500 625 
"246.2405 I^ P D. 27452. I ow d DM. 1» 2006 x6 
‘Steet Steeveless Couplings 
“Steet Male Type Coupling Meets ) | C Specifications 


Los car ko peor mex 
HEX 
E Net Wt 
Catalog A 8 c D € F L Lbs. Per 
No 100 Pes. 
2F- 2UFS % % % % 4 UA % 5 
2F- 4UFS % A “Ws UR % 739 1% 
AF- AUFS A UA X, 8 14 11 
6F- 6UFS % a e — Un he w Du 12 
8F- 4UFS á 1 UA 1%, 3% 1 18 
8F-SUFS 4  * 1 1 4, 3%, 17. 19 
12F-12UFS % Me 1% 1% a ` 1% 33 
16F-16UFS 1 1 l 1% 5X4 — lg 1% 47 
20F -20UFS 1% 1 l lg lv 1% 13 
24F s 1% $ X 1 le f. 9 
32F-32UFS 2 : 2% 1^ ls 135 


ui 


The Anchor line is the most complete line available. There 
are hose assemblies and related fittings for practically every 


4C- AMS 
4C- 6MS 
6C- 4MS 
6C- 6MS 
8C- 4MS 
8C- 6MS 
8C- 8MS 
*8C-10FJS 
12C-12MS 
12C-16MS 
16C-16MS 
16C-20MS 


INC. 


ANG|HOR COUPLING co. INC. 


Fabricators of Coupled Hydraulic Flexible Hose Assemblies 
Office and Factory—Church & 4th Streets, Libertyville, Ill., Dept. PDH-53 


Factory Branch—2100 Irving Bivd., Dallas, Texas 


need. Some of them are shown here. Just write if you need 
additional information to solve your piping problems. 


V 
h-14 
Ye 
I 
1 
1⁄4 


he % 
Nhe UA 
n l; 
éa A, 
Xa 178 
e 
Ve e 
He S 
32 Wa 
LU 
«a 1% 
ve 1% 
1 Á 1% 
1 ^h 1% 


GEGEGEGEGEGSUGEGEGEG 


2% 1% 
2 175 


Ae 2% l7 


E] 
Yo 
Ye 
2% WR %2 
29 195 9 
2:5 195 He 
25195 9. 
ha 

He 

He 


*Swivel Female Meets J.1.C. Specifications. 


Milled Mex, Steel, Sleeve-Type Couplings 


ASSEMBLED HYDRAULIC HOSE UNITS...RIGH PRESSURE 


— Plated Style C, Two Wire Braid Hose 


J 


Max. 
ap. Recom- Min, 
wurst mended Wke 
Pres. Working Bend. 


PSI PSI Radius 
18,0000 4,500 4 
18,000 — 4,500 2 
18,000 4,500 4 
18,000 — 4,500 4 
14,000 3,500 5 
14,000 — 3,500 5 
12,000 3,000 7 
12, 3,000 7 
12000 3,000 7 
12,009 — 3,000 7 

9,000 2,250 99 

9,000 2,250 94 

7500 1,875 94 

71500 1,875 945 


MEDIUM and LOW PRESSURE ASSEMBLIES Brass Hex-Type Couplings 





Me 

‘besa 

Radews 

4 

$ Catalog TM. A b C D 
$ No. Size 

$ AMHR- 4MB 1% % Me He À 
$ GMHR- 6MB % % X % ^ 
; 6MHR- SMB % % MW 2 » 
; SMHR- 8MB % W ‘He ha le 
7 12MHR-12MB X  * l4 4% 1% 
^ **16MHR-16MS 1 1} 1% 1 1% 
A al **Steel Couplings. 

v 





Anchor tees, 90°, 45°, and 'straight adapter unions are all ma- 
chined from solid steel bar stock. Plating prevents rusting. 
Ground joints provide a leakproof connection. Use Anchor 
adapter unions to minimize the number of pipe thread joints and 
make assembly, especially in confined spaces, faster and easier. 












8M- 8UFS 


> 

= 

> 

c 

o 
—À S > j 


12M-12UFS 


16M-16UFS 
20M-20UFS 
24M-24UFS 
32M-32UFS 


threads. 


wee 
SK 


z EKKKEKE © 


No 
X 


8 7-9 

% % Us 
WW lo 
"Ve WW lm 
Ys He 19m 
% Ae 1% 
‘Ke te lhe 


1% 
1255 
Da 
2%2 

2'Vn 


H. 
ha US 
ALT 
IX 1 

I'*g 14 


27.15 1% 





SESI FFE © 
* 


PIPE FITTINGS 
Anchor plated pipe fittings come in a wide variety of types and 
sizes too. They. are machined from solid steel bar stock to elimi- 
nate porosity. Parts are copper brazed to provide for maximum 
working pressure of 3000 PSI. Dryseal American Standard pipe 


Max 
Approx. Recom- Min. 


Pres. Working Bend. 


PSI PSI Radius 
5,000 1,250 3 
4,500 1,125 4 
4,500 1,125 a 
4,000 1,000 5 
3,000 750 6 
2,250 550 8 


Male x Female 
Adapter Unions 
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fA orFeRs you 


N 
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FLUID WO. 








nn 


@ A 32-page booklet presenting a discussion of basic 
designs in fluid power circuits together with 
drawings as a guide to more effective application. 


and 


LOGAN MANUFACTURES 6,975 STANDARD CATALOGED ITEMS 
FREE CATALOG ON REQUEST! 


€ Air Control Valves 
Catalog 100-4 


€ Air Chucks 
Catalog 70-1 


@ Air Cylinders 
Catalog 100-1 


@ Collet Grip Tube Fittings 
Catalog 44 


€ Hydraulic Control Valves 
Catalog 200-4 


€ Hydraulic Cylinders 
Catalog 200-2; Also 200-3 


€ Air and Hydraulic Presses 
Catalog 51 


€ Hydraulic Power Units 
Catalog 200-1 


€ Sure-Flow Coolant Pumps 
Catalog 62 


LET LOGAN ENGINEERS HEL?P YOU DESIGN 
YOUR AIR AND HYDRAULIC CIRCUITS 


@ A 24-page booklet presenting the “Do's,” 
"What to Look For" 
and maintenance of air and hydraulic equipment. 


“Don'ts” 


in the installation 





FILL OUT AND MAIL. COUPON! 


Logansport Machine Co., Inc. 
812 Center Ave., Logansport, Indiana 


Please send me (specify number of copies wanted) 


copies of “Circuit Rider" Monuol 
copies of “Facts of Life Manual 
NAME TITLE 
COMPANY 
o ERES 
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OUTSTANDING 
FEATURES 


DELIVERY 
PRICES 


The Bruning Company, Linco 
tic - Sell Sealing of 


Hydraulic & Pneuma 
‘ott the shelf comb 


Ip to 1" hose capacity 


OUTSTANDING 


Extremely 


ng pressures ^ 
r uncoupled at high 
Automat 


High work ig P 
Easily coupled 9' 
t a t 
6. Simple & positive 


Excellent - usually 


DELIVERY 


AÀ PRICES 
- A 


inations & sizes t0 


coup 


Positive : 
Simple & Pos Valve & Sea design ee 


FEATURES i Leakproo! guaranteed l 
i *? £3 ow pressure oF f i 
d rated to 6,000 p 


etock 


SPECIALS 


fol 


CHECH URLUES 


* | FACILITIES .-- "Bruning" is much more than a “catalogued products” 


firm, Ample facilities are available for the design, 
development and production of "customer specials". 
Special products for Agricultural, Automotive, 
Aircraft and Industrial equipment manufacturers 
represent a major part of Bruning's production, -- 
Estimates will be submitted immediately on receipt 
of drawings or sketches. 


The Bruning Company, Lincoln, Nebraska 


ccordance 
H lic & Pneumatic. (Basic design in a 
WYN AN-6249 —- MIL Spec. V-5524A. -- e o 
fittings in accordance with AND-10056 -- Female 
tings in accordance with N.P.S.F. standards) 


Up to 1° tube or hose capacity 


OUTSTANDING 
URES 1. Design exceeds functional requirements of present 

— industry standards 

Pressure drop IS extremely low 4 
: Crack pressure IS unusually low & crisp in —— 
4. Check and sealing actien is unusually fast, posi 

& free of chatter 
5. The inherent functional character stics E the 

` Bruning '' shock & impact resistant valve 

design guarantees maximum service life 

Excellent - usually from stock 


DELIVERY 
PRICES 


Extremely competitive 


CYLINDERS 


The Bruning Company, Lincoln, Nebraska 


Hydraulic & Pneumatic — Single Action, Double Action, or 
Ram Style 


] 1/2" to 4'', Rod diameters - 3/4" to 1 1/2"*, Ram 


ve 


diameters — 1 1/2"' to 3'' (Stroke & Mountings as required 


Exceptionally “clean” design and high quality standards 
throughout 
Excellent ‘‘on the job’’ performance record 
Exceptionally versatile basic design permits unusually 
wide selection of “customer specials." ("Tool room” 
rates & time delays on pilot models or short run require- 
ments are virtually eliminated) 

4. Working pressures to 3,000 psi 

5. "Streamlined'' design and production methods insure com- 
plete interchangeability - maximum quality control and 
minimum production costs 


Excellent - Usually 10 days to 2 weeks on initial requirements 


QUICH-DISCORECT COUPLERS 
EMEN: 


Extremely competitive 


in. Nebraska 


10 
Qpen Flow Ove 100 
from) 


to choose 


pling and u coupling 
Example - 4 psi al ZU BP 


pressures 
c Breakaway design 





VARR TEP 


LINCOLN, NEBRASKA 





. +. for the best solution to your 


CORROSION-RESISTANT 
PIPING PROBLEMS 


Tna offers 32 years of specialized 
experience in sọlving sanitary and industrial 
corrosion-resistant piping problems. Skilled 
craftsmen and engineers in four completely 
equipped plants have made the name Tri- 
Clover on stainless steel and alloy fittings, 


valves, pumps, and specialties signify unex- 


celled performance. 


Your selection of the right fitting, valve, 


pump, tubing or pipe for the right job is made 


easier by Tri-Clover’s complete production 
and engineering facilities. Benefit from this 
fact. For here is one dependable source ... 
one responsibility for your sanitary and indus- 


trial piping problems. 


at 


Our experienced engineering service is at 
your disposal to help solve your specific cot- 


rosion-resistant piping problems. 


Remember to specify Tri-Clover. 


aii 


Tri- Clover 
MACHINE CO. 


TRIALLOY AND STAINLESS ST 
SANITARY FITTINGS. VALVES 


FABRICATED STAINLESS STEFL 
>$ tv MGS AND 
PUMPS, TUBING. SPECIAL 


INDUSTRIAL FITT 
INOUSTRIAL PUMP 


1-152 
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ow Greer Accumulators Improve Performance 
educe Size and Cost of Hydraulic Equipment 


Ingenious Power Package Lets Small Motors Do the Work of Big Ones 


THE GREER HYDRO-PNEUMATIC ACCUMULATOR, 
with its unmatched ability to store tre- 
mendous energy in small space and 
release it instantly as needed, resulted 
in better performance, higher effi- 
ciency, and greater economy for the 
machines shown on this page. Read the 
captions under photos for details. 

You're probably planning a new prod- 
uct . . . or how to make a present one 
better, stronger, at lower cost. Now is 
the time to call or write Greer hydrau- 
lic engineers for recommendations and 
technical advice without obligation. 


and 7 
A : a ER 
_ ACCUMULATORS 








Main power source for huge hydraulic press 
comes from Greer accumulators. Power 
ful push required for inserting valves in 
cylinder block of car engines is stored in 
accumulators by motor and pump, and 
then is released by merely operating valve. 












Fluid dispenser function of the Greer accu- 
mulator protects high-speed bearings and 
shaft of 5000 hp dynamometer used to test 
turbo-jet engines. Manifolded accumula- 
tor, with direct lines to each lubrication 
point, supplies needed oil under pressure. 






















Shock absorber action of Greer accumulator 
insures smooth operation of honing machine by | 
dampening shocks caused by honing indles 
reversing directions. The improved performance 
means less maintenance and long service life. 









Auxiliary and emergency power from the Greer 
accumulator energizes follower on template of 
hydraulic lathe making jet engine shafts. In 
case of electric failure, the accumulator stores 
sufficient power to draw tool away immediately. 




















S. Patents Under Olaer Licenses 


The Greer Accumulator can func- 
tion as a 1) pressure storage 
chamber, 2) pressure volume 
compensator, 3) fluid dis- 
penser, 4) transfer barrier, 
5) shock absorber, 6) pump 
pulsation damper. Available 
in capacities of 2 cu. ins. to 10 
gallons for temperatures from 















Maintaining hydraulic line pressures for giant flash 65° to +180° fahrenheit. Smaller motorpump and Greer accumulators give 
welder is accomplished with Greer accumulators Easily installed at low cost. enough power for this trimming and forming 
190,000 Ibs. upset pressure, oil pressure for Write for Broch 1 machine. Cut cost $600, reduced weight 400 Ibs., 
pilot system, and positive clamp action for weld- rite for Brochure 301 for saved 50% motorpump floor space. Simplified 






complete data and diagrams. 


ing process comes from only six accumulators. circuit has fewer fittings for less maintenance. 


GREER HYDRAULICS INC. ¢ 454 EIGHTEENTH STREET * BROOKLYN 15, NEW YORK 


Field Offices: 1908 W. Cermak Road, Chicago e 25 S. Main Street, Dayton e 2832 E. Grand Boulevard, Detroit e and representatives in all principal cities. 
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A COMPLETE 
LINE 


“at 


ALL STANDARD SIZES 
Complete line of standard sizes 
from 12” to 8” in both air and 
hydraulic . . . Stroke lengths up to 
18 feet. Milled wrench flats... 
metal rod scraper . . . heavy duty, 
high tensile chrome plated piston 
rod — standard on all sizes and 
types. Standard pressures to 500 
psi air— 750 psi and 1500 psi 
hydraulic. 


ALL MOUNTING STYLES 
Every standard mounting style is 
available in the CARTER line, in 
addition to rod clevis and eye in 
all bores. 

TRUNNION MOUNT @ FRONT FLANGE MOUNT 


REAR FLANGE MOUNT e PIVOT MOUNT 
FOOT MOUNT @ CLEVIS MOUNT 


space requirements . . . full 10 to 1 safety factor . 


Here is the newest, most efficient, best performing cylinder in America 
today! Here is a cylinder that makes any product more dependable, betzer 
in performance, and easier and cheaper to maintain. This is because the 
CARTER line is away ahead of its time in design and construction — Cast 
steel mounts are standard . . . internal locking key for strength, simplicity 
and easy disassembly . . . full 360? rotation of pipe ports . . . minimum 
no tie rods, no bolts 
. unitized cartridge type rod bearing . . . leakproof "O"' ring seal . 
self adjusting packing, and many other features that designers have been 
seeking for many years. 


No matter what your application there is a CARTER cylinder to fit 
your product. Check with CARTER today for the industry's latest, most 
advanced line of O.E.M. cylinders! 


EXR NEW 


Send for your copy of the complete 
CARTER Air Cylinder Bulletin POWER CONTROL 
No. 100 for information on parts, FACKAGE 

New air cylinder with built- 


prices, dimensions, 

specifications, mount- 

ing styles and con- in valve. Offers completely 

struction. unitized control for simplified 
piping and more accurate, 

HYD RAULI B sensitive, positive operation 

of cylinder. Write for full 

Free bulletins on both the CARTER details. 

750 psi series and the 1500 psi 

hydraulic series. Contain all 

essential ordering in- 

formation. Write for 

Bulletin 750 (750 psi 

series) or Bulletin 


éBP 4 PE P 
eg ps meg p 


1500 (1500 psi 
series) or both. 


2800 Bernice Road e Lansing, Illinois e Phone 1305 
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SINGLE 
ACTING 
HYDRAULIC 
CYLINDERS 


Piston Style i 

2” to 42” Dia. 
Bore 

6" to 96" Stroke 


Optienal 
mountings 






Piston Style 


Flow Control 
Valve in 
Base 


Minge Mount 
4*5" te 8" Bore 
24" to 156" 
Stroke 







1 EEE RON TNS ret NT, 


Displacement 
Style Cylinder 

Optional Mount- 
ings 

22" te 7” Rod 
Dia 

For—Rods from 
2%" te 4” Dia, 

Strokes to 96” 
(8 ft.) 

Rods from 4," 
to 7” Dia 

Strokes to 144” 


(12 ft.) 


Displacement 
Style Tele- 
seopie Cylinder 

3" to 6" Rod 
Size Com- 
binations 


Strokes up to 


* 120" Rod Size 


Combinations 
Permitting 








HYDRAULIC 
CYLINDERS 


Custom built for O. E. M. 
Products, Processing Equip- 
ment, Special Applications 


Rugged, close-tolerance BHEW cylinders are built on order 
to special or semi-standard designs and applications. Avail- 
able for 1,500 psi and 3,000 psi operating pressures in sizes 
from 112” to 8" bore and up to 156" stroke. Available in 
ANY mounting style! 


FEATURES INCLUDE: e Smallest possible O. D. and 
retracted O. A. length. ^e  Honed barrels. èe Hard 
chrome-plated rods available. @ U-Cup style pistons 
(ring style available). @ V-Pack spring-loaded rod 
glands. @ High temperature packing. 


Pneumatic cylinders up to 150 psi, and water to 
3,000 psi working pressure available to fit special 
applications. 


NOTE: Bore dias. and strokes given show extreme sizes; 
does not imply that mountings shown are necessarily struc- 
turally desirable for extreme bore vs stroke conditions. 


"pressure operated" 
Hydraulic Control Valves 


Pressure equalizing 
spring 


Positive sealing 
V-packing 


Spring loaded gland 
packing, no adjustment 
required 


Ball check, allowing 
full volume when 
raising load 


Full volume at zero 
pressure 


Full volume for 
free-hook travel 


In-line porting 
Graduated groove 
allows infinitely 

variable speeds 

in descent 

Primarily designed for safe material handling by lift trucks 
and other elevating equipment. “Pressure operated” valve 
automatically controls heavy-load descent, eliminates surge, 
allows full raising speed and empty-fork travel. Three 
models: A-2656 for 3$" NPT, A-2890 for 12” NPT, A-2064 
for 34" NPT. Can also be applied for volume of discharge 
in relation to inlet psi. 


Write for data and illustrated literature 


BENTON HARBOR 





ou 


DOUBLE 
ACTING 


HYDRAULIC 
ALEILE 


0 


Pi 













































ENGINEERING WORKS, INC. 


BENTON HARBOR, MICHIGAN 


1%” to 4” D 


Piston Style 
1*5" to 8" Dia 


Piston Style 
Ball Socket 








Bore 

2" to 12 ft 
Stroke 
ptional 


Mountings 


Piston Style 
Trunion Mount 


Va" te 8* Bore 


ston Style 


Flange Mount 
142” to 8" Bore 


Mount 


For Steering 


Booster 


Piston Style 
Clevis Mount 


112” to 8" Bore 


Piston Style 

Hinge Mount 
Both Ends 

1*5" to 8" Bore 


Piston Style 

Hinge-Pin 
Head 

Clevis Rod Ene 

1'4” to 8" bore 


“0” Ring 
Piston 


Style—Snap 


Ring 
Construction 
ia Mountings 


and Strokes Optional (Econ- e 


omy Cylinder) 
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on AIR and 
HYDRAULIC POWER! 


Rivett Hydraulic 
Cylinder Catalog 
Section 106 — 


Details: Cushioned and non- 
cushioned, standard rod and 
2:1 over-size rod, single and 
double end rod, internal and 
external threads, all stand- 
ord mountings in 2” to 10” 
bores. Offered for 1500 
P.S.I. 3000 P.S.I. available. 


These five books, totaling 68 pages, are jam-packed 
with all the important and necessary data required 
to lay out successful air and hydraulic circuits. Over 
400 Rivett models, in a variety of sizes, are detailed 
— every standard air and hydraulic component of- 
fered in the industry. Description of each model in- 
cludes working drawings, specifications, and cut- 
away views. All data pertaining to each model is 


shown on one page to facilitate layout. Easy to use, 
Rivett Hydraulic Vaive 


Catalog Section 204 — complete in information, these Rivett catalogs are a 
Details: 4-way, 3-way, pilot, and a . £ 

remote valves in 6 types of opera- must on every board. Write to Rivett Lathe & 
tion, 4 types of action, 7 sizes, 5 

i designs. Off df 1500 ^ Ti > 1 - a 

ro oy i edge Grinder, Inc., Brighton 35, Boston, Mass. 






439 standard Rivett models described! 


— All the necessary components for any efficient circuit. 






Rivett Air Cylinder Catalog 
Section 55 — 

Details: Cushioned and non-cushioned, 
single and double end rods, internal and 
external threads, 7 standard mountings 
in 1%” to 12” bores. Offered for 150 
P.S.I. air and 300 P.S.L. oil services. 


Rivett Hydraulic 
Power Unit Catalog 
Section 400 — 


Details: Single, double 
and combination pump 
types. Single —.4 G.P.M. 
to 40 G.P.M. at 1000 
P.S.I. Double—3.5 
G.P.M. to 48 G.P.M. at 
1000 P.S.I. 









. 

e Rivert Lathe & Grinder, inc., Dept. PEH10, Brighton 35, Boston, Mass. Please send z Rivett Air Valve 
© me: O Hydro Cylinder Catalog 106 1 Hydraulic Valve Catalog 204 Hydraulic © Catalog Section 
i Power Unit Catalog 40 Air Cylinder Catalog 55 [3 Air Valve Catalog 303 e 303 — 

e. 2 Details: 4- way and 3- 
. e wa y, pilot and remote 
. e valves in 5 types of 
- . operation ond in 5 
e Address tote e sizes. Offered for 150 
**«*9999999999990990990929999299999999992909249292099299222929 P.S.l. service 





furnishes a complete power package 
VALVES © CYLINDERS è POVER UNITS 
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cup PACKINGS 


Made of leather or rubber. Installed on 
piston head or backing plate. Sealing lip 
and outer side wall form dynamic seal on 
cylinder wall. Follower plate forms com- 
pression seal on bottom of cup. Expanders 
adaptable when needed. 


V-PACKINGS 


Made of leather or rubber. A complete 
mechanical seal, preferably installed in sets 
in a recess on cylinder wall or piston head. 
Sealing areas or “‘stack height”’ (the area 
at ends of inside and outside legs) form 
dynamic seal inside and outside. Male 
and female adapter rings required, metal 
preferred. No expanders are needed but 
spring tension is sometimes employed. 


X Zee PACKINGS CATALOG 


ees 
e 


detail. 


Toe 


and Manual contains 60 pages of up-to-date data 
on packings shown above, including JiC-approved 
and recommended standards, design and application 
Ask for Catalog 201-A. 


4 
GRATON & KNIGHT COMPANY 


There’s a right packings for every installation. Choose the right one 
and promote long, trouble-free service. Select the wrong one and 
suffer production delays, costly servicing, loss of good will. 

Bring your packings needs to G&K-INTERNATIONAL, the pack- 
ings specialists — where the entire plant and personnel are devoted 


solely to the design, engineering and manufacture of packings. 


Let 


these experts apply their years of experience, their acquired skills, 
their modern equipment in helping you choose the right packings for 


your installation. 


Illustrated and described below are the types available. 


FLANGE PACKINGS 


Made of leather or rubber. Installed in 
recess around a rotating or reciprocating 
shaft. Sealing lips and inner side wall 
form dynamic seal on shaft. Gland nose 
forms compression seal on flange. Expand- 
ers adaptable when needed. 


O-RINGS 
Made of rubber. 


direction. 
1500 psi; used with pressures up to 3000 


Self-sealing from either 
Excellent for pressures under 


psi when engineered properly. Installed 
in a small recess in wall or piston head; 
also as a static seal. High finish and exact 
fits required for all parts that contact an 
O-Ring Packing. 


Also 


Established 1851 


Worcester 4, Massachusetts 


U-PACKINGS 


Made of leather or rubber. A completely 
mechanical seal installed in recess on cylin- 
der wall or piston head. Sealing lips and 
side walls form dynamic seal inside and 
outside. Pedestal ring or filler required 
for best service. Expanders also adapta- 
ble when needed. 


OIL SEALS 


Made of leather or rubber, usually in- 
corporating a metal case or supporting 
ring. Installed around a rotating or re- 
ciprocating shaft to retain or exclude fluids, 
semi-fluids, dust, dirt, etc. Provides sin- 
gle and multiple sealing lips. Oil Seals 
are generally made to exact specifications 
to meet specific requirements. , 


SPECIAL PACKINGS TYPES 


G&K-INTERNATIONAL also makes many special forms 
such as GASKETS, BELLOWS, DIAPHRAGMS, SPECIAL 
SEALING RINGS, etc. of leather or rubber, and pro- 
duced to meet customer's requirements. 


Also avail- 


able: crimps, waterwell cups, valve leathers, etc. 


INTERNATIONAL PACKINGS CORPORATION 
Graton & Knight Company Affiliate 


Bristol, New Hampshire 


4A | INTERNATIONAL PACKINGS 


Leather and Synthetic Rubber 
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for your 
applications 


Eastern’s line of hydraulic pumps 


and fluid motors are designed with one 


objective in mind: fo supply an economi- HYDRAULIC PUMPS 
cal, reliable and compact unit for the FLUID MOTORS 


heart of your hydraulic mechanism. 
You will find a combination of exclu- 
sive features in Eastern products which will 


make your selection a confident one. 


Send for Eastern’s brand new Hydraulic 
Catalog A-800. Contains valuable en- 
gineering diagrams and information. 


N 
East. INDUSTRIES INCORPORATED 


296 Elm Street, New Haven, Conn. 
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Write today for 
Catalog 51SR-1 
for complete 
information 


200 Northfield Road 


TALWART RUBBER COMPANY 


$ 


The most important factor 
about any rubber part is 
its ability to do the job for 
which it is intended. 

While the slingshot requires 
stretch only, industrial 
rubber parts must have 
resistance to oils, chemicals, 
weather, temperature ex- 
tremes or combinations of 
these deteriorating factors. 


STALWART engineers have 
the experience and 
facilities to compound stocks 
and fabricate rubber parts 
which will serve your 
needs best. From more than 
500 different rubber 

stocks at their disposal 

they can mold, extrude, 
die-cut, lathe-cut or 
mandrel-build shapes to 
meet individual, S.A.E. or 
A.S.T.M. specifications. 
These parts will retain their 
desirable physical, 
chemical and dielectric 
properties under severe 
operating conditions and 
give optimum performance 
in each application. 


Specify STALWART rubber 
parts for that one essential 
quality . . . the ability 

to do a job . . . best. 


1062-SR 


Bedford, Ohio 


- 








Catalogs 
and 
Bulletins 





Request additional information using 
postcards following page 24 


(V-1) INDUSTRIAL PUMPS—The 
Deming Co., Catalog I-52, 96 pp. In- 
cludes sectional and exterior views of 
the various types of units, together with 
selection tables and other data. Among 
the types discussed are standard models 
of centrifugal pumps including single 
and two ball bearing, side suction types, 
motor-mount types, portable types, self- 
priming centrifugal pumps, high pres- 
sure- vertical centrifugal pumps, and 
split case centrifugal pumps. 


(V-2) SOLENOID VALVES—dAuto- 
matic Switch Co., Catalog 24, 80 pp 
Has general information and instruc- 
tions for valve selection; flow charts 
for full area valves handling water, air 
gases, and steam. Also, sections on: 
manual reset, and no voltage release 
valves; packless solenoid valves; packed 
valves; packless, midget and small 
sizes; three-way packless; 2 and 3-way 
pilot operated; 4-way packless, sleeve 
type, pilot controlled diaphragm oper- 
ated valve. Has illustrations and en 
gineering data on all valves 


(V-3) IDEA BOOK Blackhawk 
Mfg. Co., Booklet 352, 64 pp. It il- 
lustrates a collection of new applica- 
tions of hydraulic tools and hand tools 
in production, ma‘ntenance, construc- 
tion, laboratory and other fields. Tools 
included are jacks, pipe benders, knock 
out punches, pumps, and torque indica 
tors 


(V-4) AIR POWER COMPONENTS 

Mead Specialties Co., Catalog, 56 
pp. With illustrations, it describes the 
complete line of single and double- 
acting air cylinders, and air operated 
presses, vises, chucks, valves, hammers, 
and work feeders 


(V-5) AIR OPERATED DEVICES— 
Mead Specialties Co., Catalog, 52 pp 
Describes and illustrates all sizes of 
horizontal and vertical thrust air cylin- 
ders up to a 3 in. stroke, 6 in. bore, and 
a 28 power factor. Other devices dis- 
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THE COMPLETE LINE OF 


FLUID POWER 
CONTROLS 


HYORAOLIC 


FOR HEAVY DUTY MOBILE EQUIPMENT 


operating pressures up to 1500 p.s.i. 


FOR COMPLETE DETAILS ASK FOR YOUR COPY OF CATALOG H-7, SECOND PRINTING 


Ol HYDRAULIC 
PUMPS - MOTORS 


pad mounting 8 hole flange 6 hole flange 4 hole flange wide flange 


D" series gear pumps— 
discharge 5.5 to 36 g.p.m 


D" series gear motors— 





output 5.8 to 15.5 h.p 











pad mounting flange mounting flange mounting flange mounting 4 wide flange 
commonly used on | 44" 0.D.—2.834' 5" Q.D.— 3.148" 12V" square 2.999" mounting smaller “C” series and 
indirect drives L.D.—8 thru holes | L.D.—6 thru holes L.D.—4 thru holes 814" spacing larger “ J” series pumps 
'«s '" dia %e"’ dia %_"' dia., 5” B.C. 


and motors are available 


OIL HYDRAULIC 


T double acting Mii CYLINDERS 


single acting heavy duty cylinders telescopic heavy duty cylinders 


rod plunger construction — capacity double acting heavy duty cylinders multiple sleeve construction — low - 

up to 24% tons, sleeve plunger con- capacity push stroke 1% to 28 tons shut height with stroke up to 84 special cylinders designed 
struction—capacity to 24 tons capacity pull stroke 1 to 25 tons plain or pineye mountings—capa to operate at higher 

five types of mountings available six types of mountings available city push stroke up to 18 tons pressures can be furnished 


OIL HYDRAULIC 
VALVES 


12" unit 


control types 
single, double or 
double with float positior 


Spoo! action 


spring return, poppet 
binat 


maton 


$0 





1⁄4” tandem valves 4” tandem valves l4" unit valves 

top or side inlet ports top or side inlet ports top or side inlet ports 
top, end or bottom outlet ports top, end or bottom outlet ports top—end — bottom outlets 
any type section furnished in any type section furnished in any type control or spool 
any combination of sections any combination of sections action as required 


I MU iL NUTS 
"COMME RCIAL x CHICAGO, ILL. 


THE COMMERCIAL SHEARING AND STAMPING COMPANY SALT LAKE CITY, UTAM 


MANUFACTURING 


LI 


PETROLEUM, MARINE aw» 


MODELS FROM 3/4 TO 300 G.P.M. — CAPACITIES TO 1000 P.S.I. 
SPEEDS UP TO 1800 R.P.M. FOR PUMPING CLEAN LIQUIDS 


SERIES F 


Four-port design offers 8 optiona! 
piping arrangements. Equal size 
helical gears run in axial hydraulic 
balance. Standard or bronze fitted; 
packed box or mechanical seal. 
Up to 300 P.S.I.—1 to 300 G.P.M. 
for clean liquids. 


SERIES H 


Widely used for hydraulic mech- 

anisms and other applications 

where high pressures are required. 

Spur gears provide high volumetric 

efficiency. Packed box or mechan- 

ical seal. Pressures to 1000 P.S.I. 
5 to 75 G.P.M. sizes. 


SERIES K 


For hydraulic service, fuel transfer 

or fuel supply. Features helical 

gears and exclusive Venturi suc- 

tion and discharge principle in 10 

through 50 G.P.M. sizes. Packed 

box or mechanical seal. 150 P.S.I. 
3/4 to 50 G.P.M. 


SERIES 3600 


For general purpose work han- 
dling thin or thick liquids with 
suction lift up to 15 feet. Standard 
or bronze fitted; with or without 
built-in relief valve. Pressures to 
60 P.S.I. — 40 to 300 G.P.M. 


stfour 
CATALOG 1" 
aN A 


oa a ECA LA 


Rockford, Illinois 


ROpER 


cussed are air presses, collet fixtures, 
work feeders, impact hammers, various 
types of valves, air vise, air line ac- 
cessories, and work feeders. Each com- 
ponent is well illustrated, and con- 
tains complete specifications. 


(V-6) SEMI-PORTABLE COMPRES- 
SORS—Clarke Bros. Co., Bulletin 124, 
50 pp. Discusses the midget angle gas- 
engine-driven compressor in models of 
2, 4, 6, and 8 cylinders, and brake 
horsepower of 80 to 330. Contains 
many colored illustrations of each unit 
with two large cut-away drawings ex- 
plaining the balancing and the lubri- 
cating systems. Several pages are de- 
voted to specifications and horsepower 
and capacity curves 


(V-7) GLOBE, ANGLE, CHECK 
AND FEED-LINE VALVES—Edward 
Valves, Inc., Catalog 12-c, 50 pp. Com- 
plete information on globe, angle, and 
check valves for hand or motor control 
of volume are also described. Also has 
information on material specifications, 
preparation of welding ends, pressure 
temperature ratings and other data 


(V-8) VALVES—Republic Mfg. Co., 
Catalog 352 A, 44 pp. Lists: needle, 
globe, plug, check, relief, and special 
valves, plus gage protectors and snub 
bers, bleeders, and AN vacuum control 
valves. Units are made of various met- 
als and are suitable for instrumentation, 
air-craft, processing industries, and. hy- 
draulic systems. Details of construction 
are shown, plus complete specifications 


(V-9) INDUSTRIAL SPRAY NOZ- 
ZLES—Binks Mfg. Co., Bulletin 5200, 
40 pp. Detailed account of industrial 
spray nozzles for a range of commercial 
and industrial processes. Data includes 
nozzle dimensions, capacities, and 
spray angles. All nozzles are illustrated, 
and cutaway drawings show construc- 
tion and operation. Installation details 
also given. 


(V-10) INDUSTRIAL & AIRCRAF i: 
VALVES—Republic Mfg. Co., Cata- 
log, 40 pp. Describes and illustrates a 
line of needle, globe, ball check, re- 
lief, and plug valves in sizes from 
to 1 in. made in brass, aluminum alloy, 
steel, and stainless steel, depending 
upon the type and service use for either 
pipe or tube connections. 


(V-11) VARIABLE-AREA FLOW 
METER—Fischer & Porter Co., Cata- 
log 1059€, 40 pp. Aids in the selection 
and sizing of variable area meters 
With many engineering, afd cross sec- 
tion drawings it gives a complete de- 
scription of variable area meters, tubes 
and floats and their comparison with 
variable-head meters. 


Product Engineering — 1954 Annual Handbook 





“PRESSURE LOADING" is the exclusive principle of 


Pesco Gear-Type Fuel and Hydraulic Pumps which results in: 
Volumetric efficiencies up to 97%...Torque efficiencies up to 90% 


"Pressure Loading", by automatically holding end clearance 
of gears to a thin film of fluid, provides an automatic 

take-up of wear. For that reason, maximum volumetric 

and torque efficiencies are obtained under all operating 
conditions and new pump efficiency is maintained throughout 
the long service life of every “Pressure Loaded” Pesco Pump. 


For complete information, write today. 


Pesco Products Division, Borg-Warner Corporation | 24700 North Miles Road, Bedford, Ohio 
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Sperry Se 


HYDRAULIC 
REMOTE CONTROLS 





The, ONLY Single Tube ` 
Balanced System that replaces 
turnbuckles, pulleys, bellcranks 


and pushrods. 


The Sperry Hydraulic Control, a self-contained system, consists essen- 
tially of a hand-actuated transmitter and a receiver connected by a 
single tube. There is absolutely no dependency on outside sources of 
power such as electricity or air which are subject to failures. The system 
is filled with hydraulic oil, and due to the oil's incompressibility, force 
applied to the transmitter is immediately delivered to the receiver. Any 
movement of transmitter handle is duplicated by the receiver lever. 
The Sperry Hydraulic Remote Control System makes possible precision 
operation of a remote mechanism, free of backlash and the "spongi- 
ness" of the ordinary pneumatic control. The operator is assured of 
instantaneous response, extreme accuracy and "feel" of the operated 
mechanism even though it is often out of sight and many feet away. 
Simple and inexpensive installation complete the features appreciated 
by all in industry. 


SPERRY HYDRAULIC CONTROLS are for manual or automatic 






























































control of: i 
Brokes Hydraulic Pumps Fire Extinguishers 
Clutches Hydraulic Reverse Gears Feed Mechanisms 
Throttles Engine Spark Adjustments Grinder Spindles 
Governors Engine Mixture Setting Trippers 
Valves Variable Speed Transmissions Releases 
Rheostats Hydraulic Transmissions Duplication of Motions 











and many others 











Write for more complete information. 











SPERRY PRODUCTS, INC. 
a il. 1200 SHELTER ROCK ROAD 
at ^4 Danbury, Connecticut 


REPRESENTATIVES IN PRINCIPAL CITIES 
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(V-13) TRI-ROTOR PUMPS—Yale 
& Towne Mfg. Co., Catalog, 38 pp. 
Has information on the various models 
of the pump line, ranging from 20 
gpm to 200 gpm. Has detailed explana- 
tions of the operations of the pumps, 
descriptive matter on pump accessories, 
and the combinations possible. Also 
aids in determining size and installa- 
tion of pump. 


(V-14) FLOATLESS LIQUID LEV- 
EL CONTROLS B/W Controller 
Corp., Catalog, 36 pp. Complete with 
illustrations and specifications, it de- 
scribes such controls as: induction re- 
lays; multiple pump controls; special 
control panels; electrodes and holders; 
magnetic contactors and starters; start- 
er and relay combination; solenoids; 
and others 


(V-15) VALVES — Rockwell Mfg 
Co., Bulletin V-217, 35 pp. Describes 


| types, sizes, operation, and features of 
| a new line of corrosion resistant valves 


Contains typical analyses of the fol- 
lowing alloys: cast iron, steel, semi- 
steel bronze, mercoloy, ni-resist, stain- 
less steel, nickel, monel and Hastelloy 
B. Tables list approximately 175 dif- 
ferent chemicals with recommended 
alloy valves and lubricants. Also has 
over 100 photograph sectional drawings 
and dimensional drawings to illustrate 
valve sizes and practical applications. 


(V-16) LIQUIDS & GAS CON 
TROLS—Simplex Valve & Meter Co., 
Catalog 003, 32 pp. Lists many types 
of controllers, gages, manometers, 
valves, and venturi tubes for the mea- 
surement and control of liquids and 
gases for water and sewage works and 
power and process industries. Describes 
units, operatıng characteristics, con 
struction details, mountings, specifica- 
tions, and other data. 


(V-17) HYDRAULIC & PNEUMA- 
TIC PACKINGS—Greene, Tweed & 
Co., Catalog MP-200, 30 pp. Contains 
detailed information on performance, 
installation, and maintenance proce 
dures, as well as selection and dimen- 
sional data on all Palmetto molded 
packing. Advantages and recommended 
usages of each are discussed. Has 
charts, cutaway structural and applica- 
tion drawings, and operational tables. 


(V-18) HYDRAULIC CYLINDERS 

Lindberg Engineering Co., Bulletin 
701, 28 pp. Diagrams, photos, and 
charts on a complete line of hydraulic 
cylinders explain the different mount- 
ing types and capacities of cylinders up 
to 1500 psi and 3000 psi working pres 
sure. Has complete specifications for 
all models 


(V-19) CYLINDERS — Ortman-Mil- 
ler Machine Co. Inc., Bulletin 101, 28 
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mile, "IL 


Chiksan swivel joints in landing gear, 
braking and hydraulic control systems 
on Lockheed's Super-Constellation. 


Chiksan high-pressure swivel joints pro- 
vide complete flexibility and safety in 
steam lines on platen presses. 


Most hose reel manufacturers employ 
Chiksan swivels for pressure and vacuum 
tight connections with low torque. 


Colorado School of Mines turned to 
Chiksan swivel joints for air and hydrau- 
lic lines on shale mining equipment. 


CHIKSAN COMPANY B 


BREA, CALIFORNIA 


THE NEW TOOL OF 
ORIGINAL EQUIPMENT 
MANUFACTURERS 


Now Modern Industry has a New 
Tool available in CHIKSAN Ball 
Bearing Swivel Joints. These revolu- 
tionary flexible joints turn with full 
360? rotation in 1, 2, and 3 planes, 
handling air, hydraulics, fuels, oils, 
water and other fluids. 

There are over 1,000 different types, 
styles and sizes for pressures and ser- 
vices from 28" vacuum to 15,000 psi 
and for temperature ranges from minus 
75? F. to a plus 500? F. Packing ma- 
terials have been designed for each 
specific service. 

Wherever unlimited flexibility is 
required in your research, design and 
engineering of new equipment for 
modern industry—CHIKSAN will help 
you find the solution. 

Write for Catalog 53-C. Dept. HPD-4 


The Flow of 
Enterprise Kee an 


Chicago 28, lllinois 


Johnson Motors cut fluid losses: 759, — 
setting-up time 75% with Chiksan joints 
on their 48 die-casting machines. 


Ermold automatic bottle unpacker uses 


Chiksan hydraulic joints for flexibility 
and stamina in limited space. 


Chiksan high-pressure swivel joints are 
installed for dependability and safety 
in injection molding equipment. 


Chiksan swivel joints are used on the 
coolant lines on the 160” plate mill in 
U. S. Steel's Homestead Works. 


. Newark 2, New Jersey 


Well Equipment Mfg. Corp. (Division), Houston 1, Texas * Chiksan Export Company (Subsidiary), Brea, California * Newark 2, N.J 
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TAKE A TIP FROM THE LEADERS 


RIAA em Ud 
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Viking Pumps Built to Fit Your 
Equipment is a Specialty! 


K SPECIAL TRAP-WEAVE MESH 


for. 


XoNLY THREE PARTS 
\ MEETs J.l.C. STANDARDS 
X GREATER FILTERING AREA 


CAPITAL HYDRAULIC OIL FILTER 



























LIQUID TRANSFER 
PRESSURE LUBRICATION 
HYDRAULIC ACTUATION 
MACHINE COOLANT 


(for both thin and Viscous Liquids) 


If your machine requires dependable, 
self-priming, non-pulsating pumps, look 
to Viking for the answer. Over 600 
standard models plus complete engineer- 
ing service in building a Viking Pump to 
fit your mounting and drive arrangements. 

Be sure of safe, dependable operation. 
Specify Viking! To start, send for bulle- 
tin series 54SX and include an outline 
of your pumping problem for free recom- 
mendations. 


VIKING 


PUMP COMPANY 


CEDAR FALLS, 


WITH MONEL METAL INSERT 


Reservoir Type for Hydraulic and Oil Re-Circulating Machinery 


EASY TO INSTALL * 


EASY TO CLEAN * 


LONG LIFE * LOW COST 


SIZES AND SCREENS TO FIT YOUR NEEDS 


5835 South Ashland Avenue 






(CAPITAL eneincerinc & MFGCORP 


Chicago 36, Illinois 


IOWA 
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pp. Gives full details, data, and speci- 
fications on cylinders, and standard, 
oversize, and 2-1 piston rods. Has cross 
section view of each unit. Also contains 
a complete set of l/ scale template 
showing all cylinders and mounting 
brackets. 


(V-20) CONTROLLED VOLUME 
PUMPS—The Milton Roy Co., Bul- 
letin 351, 24 pp. Contains complete 
details of air-operated controlled vol- 
ume pumps and chemical feed systems, 
covering details of construction. Has 
cutaway views of the pumps and il- 
lustrated diagrams of controls and 
typical air-powered systems. 


(V-21) CONTROL VALVES — A-P 
Controls Corp., Bulletin R, 24 pp. In- 
formation on a full line of control 
valves, including pressure or tempera- 
ture-controlled throttling and expan- 
sion valves, pressure-limiting valves, 
water-flow regulating valves, solenoid 
valves, thermo-electric gas valves, and 
custom valves for special — 
Has complete mechanical and electrical 
specifications. 


(V-22) OILERS & COMPONENTS 

Eynon-Dakin Co., Catalog, 22 pp. 
Illustrates and gives complete engineer- 
ing data on a line of HY-Car oilers, 
standard oilers, vents, caps, special tube 
forms, oil lines, and other assemblies 


(V-23) PNEUMATIC CONTROL- 
LER—Fischer & Porter Co., Catalog 
C-50, 20 pp. Data on the P-4 Pneuma- 
trol pneumatic controller for rate of 
flow, differential pressure, liquid level, 
viscosity, pressure, and temperature 
applications. Available in: on-off; nar- 
row band proportional; and wide band 
proportional control. 


(V-24) RUBBER LINED PUMPS — 
Denver Equipment Co., Bulletin P9- 
B8, 20 pp. Lists all parts, and shows in 
exploded views a line of rubber lined 
sand pumps, with capacities to 2400 
gpm. Shows sectional views, lists 
clearance and foundation dimensions, 
specific gravity of pumps, friction of 
water in pipes, capacities, a motor selec- 
tion table, and installation and main- 
tenance instructions. 


(V-25) TRANSMISSION SYSTEMS 
Fischer & Porter Co., Catalog T-50, 
20 pp. Describes the pneumatic, mag- 
netic, electric, electronic, and electron- 
ic follower transmission systems for 
use in measurement and control of 
flow, pressure, liquid level, viscosity, 
and specific gravity. Has illustrations 
of performance characteristics, and 
schematic diagrams of the various sys- 
tems. 


(V-26) PACKINGS—Greene, Tweed 
& Co., Catalog PC-102, 20 pp. Cover- 










dependable DONNELL 
hydraulic systems 
and components 


Ta + mobile equipment 








e stationary units 





e portable applications 






HYDRO-PAC POWER PACKAGE 
HYDRO-PAC PUMPS 
HANDY-LIFT HAND PUMPS 
HYDRO-PAC VALVES 









Donnell simplified design and exclusive 






patented advantages assure you of greater 





100 to 5000 psi 
150 in//min. at 1000 psi 
6 volt —12 volt—28 volt dc —110 volt ac 









dependability and longer maintenance- 





free operation of hydraulic components. 


| 


MORE THAN 500 TYPES OF HYDRAULIC RAMS 


Qx 


A e DONNELL HYDRAULIC COMPANY 


Marengo, lllinois 







Donnell Rams have positive stops that eliminate mechanical 
stresses on oil seals. Superior Donnell Rams are available in 





single acting, double acting, pull or telescopic types with trunion, 
yoke or foot mountings, conventional or special bases to suit 
your requirements. Pressures from 1000 to 10,000 psi. 


A. Trunion mounted ram with oil C. Standard single acting ram. 
inlet in one trunion boss. 





B. Trunion mounted ram with D. Push-pull ram with special 
control valves in base. yokes on base and plunger. A 
LA — 





—«— M Ü Telescopic rams are streamlined to elimi- 
nate bosses and protruding top caps. 
v EVERY JOB ENGINEERED TO YOUR SPECIFICATIONS 
WRITE FOR ENGINEERING DATA AND QUOTATIONS 
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Choose rm RIGHT PUMP FOR THE JOB 


TIT 
PX 


n 


2 TUTHILL MODEL CK PUMPS 


Eora MODEL M PUMPS 


TUTHILL MODEL R PUMPS 










To make it easy for you to choose the 
right pump for the job, Tuthill offers the 
handy new Pump Guide . . . a letterhead- 
size table which gives you full details on 
the complete line of 
Write for your 


PUMP GUIDE today! 


Tuthill Pumps. 


TUTHIL 


TUTHILL 


PUMP COMPANY 


939 East 95th Street, Chicago 19, Illinois 
Canadian Affiliate: Ingersoll Machine & Tool Company, Ltd., Ingersoll, Ontario, Canada 








Tuthill positive displacement internal-gear rotary pumps are serving 


industry on machine tools, engines, speed reducers, compressors, hydraulic 
mechanisms, special machinery and oil-burning equipment. 
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ing all types of the Palmetto packings, 
the booklet includes details on: self- 
lubricating, molded, and sheet pack- 
ings, plus information on a new type 
Teflon packing. Also has photographs, 
diagrams, cutaway views, and an over- 
all packing application chart. 


(V-27) HYDRAULIC COMPON.- 
ENTS—Racine Tool & Machine Co., 
Catalog P-10-D, 18 pp. Discusses 
pumps, valves, boosters and pumping 
units. Large cut-away drawings show 
construction details of each component 
and specifications are given for each 
one. Schematic drawings show govern- 
or-controlled hydraulic circuits. There 
are also sections on hydraulic 4-way 
valves, special pumps and valves, and 
typical circuits. 


(V-28) VALVES—Hoke, Inc., Cata- 
log, 18 pp. Dimensional data sheets on 
a line of valves for fluid control. 
Covers: straight line needle valves; 
angle needle valves; needle valves: 
below sealed; straight line, toggle type; 
and a check valve. 


(V-29) FLEXIBLE METAL HOSE 
The American Brass Co., Catalog CC- 
400, 16 pp. Shows a wide range of 
available alloys and sizes, suggested 
applications, and furnishes data on the 
hose and fittings. Engineering informa- 
tion also included. Made in types: 
Seamless, and strip wound. Has il- 
lustration of each type. 


(V-30) FLEXIBLE METAL HOSE 

Flexonics Corp., Booklet CMH-123R, 
16 pp. edicion detailed information 
on stainless steel, brass, bronze bellows, 
bellows assemblies, and bellows de- 
vices. The hose section features com- 
plete specification and application data 
on convoluted and corrugated types of 
flexible metal hose, as well as details 
on flanges, couplings, and other fittings. 


(V-31) AIR CYLINDERS—-Lindberg 
Engineering Co., Bulletin 731, 16 pp. 
Diagrams, charts, and photographs ex- 
plain the capacity, type of mountings, 
and a list of engineering features. Com- 
plete specifications for seven types of 
mountings of air cylinders, and other 
components. 


(V-32) CENTRIFUGAL PUMPS — 
Ingersoll-Rand, Booklet 7223, 16 pp. 
Data on general purpose centrifugal 
pumps of the cradle-mounted type. 
Covers 5 basic cradle groups and 17 
corresponding pump types, their ca- 
pacities, hp ratings and uses. Capacities: 
5 to 2400 gpm. Pressures: 10 to 500 
ft. total head. Specifications and illus- 
trations of all models. 


FORCE FEED LUBRICA- 
Hills-McCanna Co., Catalog 


(V-33) 
TORS 








GAST 





















































Explosion-proof Gast Air Motors give 
you amazing compactness and light weight 
for hp rating. You get the advantage of a 
wide range of variable speeds plus low 
speeds without stalling. They'll start in 
any position. They can't burn out from 
overloads. Rotor vanes take up their 
own wear. Simple, almost service free, 
Gast Rotary Air Motors “fill the bill” 


in many equipment applications with low 


first cost. 


Integral (motor-pump)—Compact, light 
weight, efficient "package" units. Vanes 
take up their own wear. Compressor 
rotor mounted on motor shaít for quiet, 
pulseless air delivery. 


Light-Duty — For  intermittant service. 
Quick pick-up, positive displacement. Re- 
semble heavy-duty models but without 
fans or deep cooling fins, not needed for 
brief operating periods. Simpler lubrica- 
tor. (Not illustrated) 


Heavy-Duty—Fan-cooled—For long, con- 
tinuous operation. Rotary design gives 
more sir per lb., per hp. Automatic 
lubricator has self shut-off. 


— TT 7 Trees, 13 sizes—TO 28 IN —— — 


Integral (motor-pump)—Compact, light 
weight, “packaged” units. Save mounting 
cost and time. Especially suited for port- 
able equipment. Rotor mounted on motor 
shaft. Rotary design gives quiet operation, 
pulseless vacuum. Vanes take up own 
wear. 


Light-Duty — For intermittant service 
Give quick pick-up, trouble-free perform- 
ance. Resembles heavy-duty models but 
without external fans or deep cooling fins. 
Simpler lubricator. (Not illustrated) 


Heavy-Duty-Fan-Cooled—Built for con- 
tinuous service, dependability, minimum 
maintenance. Forced air cooling, deep 
cooling fins. Automatic lubricator has 
self shut-off. 






motor. 





3040-V103 
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ROTARY AIR MOTORS, COMPRESSORS, VACUUM PUMPS 
OFFER BIG ADVANTAGES AS ORIGINAL EQUIPMENT ON 
HUNDREDS OF PRODUCT APPLICATIONS . . . 


EL AIR MOTORS 7 2 TYPES, 4 SIZES—TO 3 HP 


— 4 5 TYPES, 12 SIZES—TO 30 PSI 4AM-FCC-IC + TAM-NCC-11 + 2AM-NCW-16 


OIL-LESS AIR PUMPS 


Available in 4 sizes, 
separate drive — 2 


sizes, integral- 


“Oil-less” Bulletin. Original Equipment Manufacturers for Over 25 Years 









specifications 
model no. So net wt 
TENAN 
mn opea mme | sun 
an (SZ, mm | me 
8AM 1.0 hp @ 500 rpm 25 Ib 


2.5 hp @ 1,500 rpm 








specifications 
| jr ec. max. pres- 
| sure psi 3 
model model no. | cfm Jid mim- hp net wt* 
contin: | utes 
ENNL E jM 
integral 


(motor. 0210-P3A-10X 1.3) 15 25 % Wh 
com-  0320-P10A-10X, 2.5| 20 25 1/3 3%lb 


ig. 0240-P12A-10X/ 2.0/ 10 | 20 8 Ib 
day | 0440-P13A-18X| 3.8, 10 | 20 | 1/3 10lb 
0740-P16-18X 56 7 | 10 13 "b 3 
0465-P32-32 3.8 25 | 30 1/3 | 18lb J 
heavy- | 0765-P24-32 56, 10 | 15 | 1/3 | 181b © 
duty | 1065-P20A-39 | 8.3 25 | 30 1  34ib 
cooled | 2065-P10-41 ` 170 15 | 20 | 1⁄2 | 54lb 
| 2565-P21A-107 | 21.0. 15 | 20 |2 | 54ib 
*Weight without base or motor, except integral models 














specifications 

rec. max. vacu- 

um, in hg. 

model model no. cfm 10 min PP net wt* 2 

conim- utes 
aa d E aal 
3 S | iin 
Castor 0210-V36-10X | 13,15 27 “| 30% 
pump) |0320-V3-10X 25 28 = 4 | 32 1b 


0240-V4A-10X 20 15 26 u gib 
daty 0440-V4A-18X 38 15 26 1/3, 11 | 
0740-V4-18X — 56 1t | 26 1/3! 12 Ibs 





0465-V4-25 3.8 | 26 '4 | 18lb 
rd 0765-V8-32 56 28 1/3| 181b 
fam! | 1065-V4-34 8.3 | 28 Và | 34lb 
cooled | 2065. V4-39 17.0 | 28 1 54 Ib 





| 2565-V 4-41 21.0 28 1% | 541b 
*Weight without base or motor, except integral models 


1065-V 4-34 ° 0210-V36-10X 


«TEIL» Gast offers you specialized experience in air motors, compressors 





and vacuum pumps for original equipment. Based on 9 design 
types and 17 sizes, over 200 different Gast models go into pro- 
duction each year. With the various accessories, these models 
have a tremendous number of applications. 


“Air may be your Answer!” Write for detailed information on your application. 


Write for 















a E THREE TT (TO 30 18S.) (10 28 INCHES) 
A ji GAST MANUFACTURING CORP., 139 Hinkley St., Benton Harbor, Mich. 





























































































































































































































W. 

e welcome your pump problems and in- 
quiries. The answer to your problem may be 
in the files of our Engineering Department. For 


three generations, Brady has specialized in the 
design and manufacture of small Centrifugal 
Pumps used as original equipment by 
leading manufacturers in Air Conditioning. Re 
frigeration, Dairy, Machine Tool and mam 
other Industries 


Write, phon Or were 


CORPORATION 


1005 Eas? 18th Street 


Muncie, Indiana 










L-52, 16 pp. Details on the open and 
enclosed type lubricators, available in 
capacities from 2 pints to 32 pints with 
1 to 24 feeds per unit. Has large 
colored cutaway illustration, cross-sec- 
tion views and complete specifications. 


(V-34) FLEXIBLE METAL HOSE- 
Flexonics Corp., Catalog CMH-128, 
16 pp. Specifications and other data for 
the new expansion joints having in- 
creased traverse per corrugation. Also 
gives specifications and --—— in- 
formation for corrugated and con- 
voluted types of flexible metal hose, 
including couplings, flanges, nipples, 
and assemblies. Has large cross sec- 
tional illustrations. 


(V-35) CONTROL VALVES — 
Ledeen Mfg. Co., Bulletin 1000, 16 
pp. Has operating and circuit diagrams, 
illustrations, and dimensions and 
weights of a line of valves used for 
operating air and hydraulic cylinders, 
single and double acting, and air 
motors. They are available in hand, 
foot, power, and solenoid operated 
models. 


(V-36) HEAVY DUTY ROTARY 
PUMPS—Worthington Corp., Bulletin 
W-483-B2, 16 pp. Covers the herring- 
bone gear type with capacities to 5,000 
gpm, pressures to 1,000 psi; and the 
sliding-vane type with capacities to 
1,000 gpm and pressure to 200 psi 
Has fields of application, coverage 
charts, mountings and dimensions 


(V-37) CONTROL VALVE DESIGN 

Conoflow Corp., Bulletin 106, 16 
pp. Called "New Techniques in Con 
trol Valve Design," it is a comprehen 
sive paper on the subject of pneumatic 
final control elements. Well illustrated 
with photographs and cutaway views of 
the various units made by this com 
pany 





(V-38) O-RINGS International 
Packings Corp., Booklet 1000, 16 pp 
Gives complete data on the manu 
facture and application of O-rings as 
static and dynamic seals. The proper- 
ties and characteristics of the basic 
polymers are outlined. Groove machin- 
ing details for static and dynamic ap 
plications are given in chart form 


(V-39) PROCESS PUMPS Inger- 
soll-Rand Co., Bulletin 709-A, 16 pp 
Discusses single stage, vertically split 
process pumps built in 1, 11/,, 2, 3 and 
{-in. sizes for capacities to 1,000 gpm.., 
and pressures to 600 psi. Discusses the 
advantages of the new balanced im 
peller in the vertically-split casing. Con 
tains many large cross-sectional illus 
trations 


(V-40) LEAK-PROOF PUMP SEAL 
Bell & Gossett Co., Booklet ET-452. 
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à THESE NOTABLE NAMES 
IN AMERICAN INDUSTRY 


Scalaslic 


Bueh! Manufacturing Co. SELF-LOCKING 
Continental Motors Corp. FERRULE* 

Ford Motor Company 
Pockord Motor Cor Co. 


ROLL CALL OF 
SEALASTIC USERS 







* AIRCRAFT ENGINES 


Allison Division—General 
Motors Corp. 


Bendix Products Division— 
Bendix Aviation Corp. 
















Pratt & Whitney Aircraft— 
Division United Aircraft 
Corp. 

Wright Aeronautical Corp. 
—Division Curtiss-Wright 
Corp. 


e AUTOMOTIVE 









` 








e BUSES 













ACF Brill Motors Co. 
Canadion Car & Foundry 
General American Aerocoach 


—Div. General American 
Transportation Corp. 





\ 
SYNTHETIC 
RUBBER SEAL RING 


THE FITTING THAT IS SY. ‘eeu ABSORBING 
ano VIBRATION-FATIGUE PROOF ror Low, 


MEDIUM AND HIGH PRESSURES 


By eliminating metal-to-metal compression (to withstand pressure 
contact between tube and fitting, up to 4,000 p.s.i.). 

SEALASTIC ends your problem of 
leaks and breaks caused by shock 
and vibration-fatigue. Overcomes 
tube misalignments. Permits de- 
pendable, cost-saving,  straight- 


Twin Coach Co. 


e FOOD PROCESSING 


The Liquid Carbonic Corp. 


e MACHINERY 


Allis-Chalmers Mfg. Co. 


Detroit Diesel Engine Divi- 
sion—General Motors Corp. 


Substantial time and labor savings 
in assembly work or emergency 
repairs are made possible because 
Sealastic Fittings are engineered 


e OIL WELL MACHINERY and integrated to your special 


Cordwell Mfg. Co., Inc 


e RAILWAY 


The Budd Compony 


Electro-Motive Division— 
Generol Motors Corp. 


e REFRIGERATION 


Howe Ice Machine Company 


line-tubing between fixed points. 


This cushioned-coupling design 
provides a seal ring of synthetic 
rubber, surrounding a ferrule 
(either self-locking or solid ring 
swaged, sweated or brazed). 


Seal ring prevents metal-to-metal 
contact and cushions against vibra- 
tion. Nut only needs to be tightened 
by hand to place entire seal under 


requirements. 


The varied industries listed at the 
left are proof of Sealastic’s practi- 
cal application wherever fuel, oil, 
water, refrigerants, air or ether in- 
jection must pass through metal 
tubes or piping. 


May we send you descriptive book- 
let and full details of Sealastic 
engineering service? 


*For critical applications, we recommend the solid terrule fixed on the tube 


CHICAGO FORGING & MFG. CO. 


Automotive Parts Manufacturer since 1922 
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2000 SOUTHPORT AVENUE * CHICAGO 14, ILLINOIS 


Some Territories Still Open for Sales Representatives 






















































































FOR EFFICIENT 
LOW-COST 
TRANSMISSION 
OF AIR... 


From Stationary to 








Rotating Machine Parts 














MODEL 1105 
for Single-Passage Applications 


(Maximum speed 3500 r.p.m.; 
150 p.s.i.) 





maximum pressure, 





Proved in years of trouble-free 
service, Deublin Rotating Air 
Unions offer advantages that 
assure dependable, low-mainte- 
nance performance. Typical fea- 
tures are: 












LEAKPROOF AIR SEAL 


CARBON AND STEEL LAPPED 
SEALING FACES 


STATIONARY SEAL KEYED 
BALANCED SEALING 
MINIMUM TORQUE 
SIMPLIFIED MAINTENANCE 


INTERCHANGEABLE WITH OTHER 
UNIONS 





+ + 











+ + + + F 







MODEL 2200 
Designed for use 
EET EA LA 
of air are required. 







QUICK-RELEASE etd . 
A compact, Chatter-Proo 
valve designed to handle air 
pressures from 0 to 250 p.s.i. 
on pneumatic PSI LII Ma to 
CIPUE 
weight, 14 ounces. 


DEUBLIN COMPANY 
1155 Waukegan Road 
Glenview, Illinois 











illustrated 
bulletin. 























| 14 pp. Has selection tables and con- 

struction features of a leak-proof mech- 
| anical seal for use in centrifugal pumps. 
| Made of a composition of materials, 
| it is wear-proof, corrosion resistant, 
and is self-lubricating. 


(V-41) AIR REGULATORS—Ken- 
dall Controls Corp., Bulletins 4521-22, 
14 pp. Details on the model 10 pre- 
cision air pressure regulator, and the 
model 20 precision air volume booster. 
Both have large cross-section views 
showing parts and action, plus pressure 
ranges, operating curves, and complete 
specifications 


(V-42) HYDRAULIC POSITION- 
ING—Farris Hydrotorque Corp., Bul- 
letin 157, 12 pp. An instrument of 


positioning control this single-tube sys- | 


tem is independent of outside energy. 
There is no sponginess, and the opera- 
tor has the feel of direct linkage with 
positioning accuracies within a thous- 
andth of an inch. Cross-sectional draw- 
ings show the parts of the hydro- 
torque transmitter and receiver with 
specifications given along with thrust 
and torque capacities of the hydro- 
torque units. 


(V-43) MULTI-STAGE PUMPS — 
Peerless Pump Div., Bulletin B-1400, 
12 pp. Illustrations, engineering data, 
and specifications for a line of 2, 3, 4, 
and 5-stage split-case pumps. The 2- 
stage have capacities to 3,000 gpm and 
head ranges to 800 ft; the 3-stage have 
capacities to 1,400 gpm and heads to 
950 ft; the 4-stage have capacities to 
900 gpm and heads to 1600 ft; and 
the 5-stage have capacities to 300 gpm 
and heads to 1550 feet 


(V-44) REVOLVING JOINTS 
Barco Mfg. Co., Catalog 200-B, 12 pp. 
Details on the complete line of flexible 
ball, swivel, swing, and revolving 
joints. Made in three styles, single 
flow, syphon, and revolving syphon, 
and carry stream, air, water, gas, and 
some chemicals. Complete with illus- 
trations of applications, engineering 
and cross-section drawings, and speci- 
hications 


(V-45) CENTRIFUGAL PUMPS - 

Allis-Chalmers Mfg. Co. Bulletin 
52C6059], 12 pp. In addition to cover- 
ing general purpose, double suction, 
multi-stage special purpose, marine and 
axial flow pumps, the bulletin has a 
head capacity table for single stage, 
double suction pumps. Special purpose 
pumps mentioned include solids, han- 
dling, paper stock, sewage, rubber-lined 
fractional horsepower, and 
and circulating Has 


proc ess. 
coolant pumps 


illustrations of all types 


Ss [laaa 


New Catalogs 
and Bulletins... 


are listed toward the 


end of every section of 


the HANDBOOK. 


These new reports 
from manufacturers 
keep you posted on 


everything newly avail- 


able to you. 


You can easily 
obtain new catalogs 
and bulletins... 


simply by filling in the 
convenient post cards 
following page 24. 

These post cards also 
have spaces for you to 
indicate ADVERTISED 
PRODUCTS 


which 


about 
like 


You will 


you'd to 


know more. 


get the data you indi- 
cate directly from the 
Make 


manufacturer. 


use of these handy, 


postage-paid cards. 
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BERRY 


HYDRAULICS 


—— the new 


ROTARY PISTON DESIGN 







Positive 
Torque 
Motors 









Positive 
Displacement 





Pumps 


The following tabulation shows the range of capacities and horsepowers in each series. All models available for quick delivery 














PUMPS MOTORS 










PRESSURES 













































| 





___| Capacity GPM | Speed RPM | Torque tb. ins. | Morsepower | SpeedRPM | PS 

14-15SERIES | TO 27 | TO 3600 | TO 1280 TO 43 | 104500 TO 2000 
32-05SERIES | TO 240 | To 650 | TO 6100 | TO 144 | 101500 | TO 500 
32-10 SERIES | TO 180 - | ro1200 | ro1840 | Toas | TO2818 TO 1500 





GIVES YOU ALL THESE: 


MOTORS: Positive Torque * Low Noise Level * Overload Protection + Long Life 
Variable Speed + Series and Parallel Operation 








PUMPS: Positive Displacement + Relatively Pulsationless * Rugged Dependability 
Instantaneous Reversibility + Explosion-Proof Safety * Motor-Pump Interchan$geability 


FOR ADDITIONAL ENGINEERING INFORMATION WRITE TO 


BERRY DIVISION 


OLIVER IRON AND STEEL CORPORATION 
PITTSBURGH 3, PENNSYLVANIA 
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(V-47) RECIPROCATING RO- 

3 STEEL TARY POWER — The Bonnot Co., 
H Bulletin 21, 12 pp. Describes the Hy- 
HYDRAULIC dromotor, a hydraulic actuator that 

= provides high torque valves through 

—— COUPLINGS reciprocating rotary power; diagrams 
show, schematic applications. Several 

pages of engineering data on the single 


"THE MOST COMPLETE FITTING LINE" and double vane models. Also lists 


operating features and applications 


(V-48) CONTROL VALVES—Ross 
JIC FLARED TUBE Operating Valve Co., Bulletin 101 A, 


DRYSEAL PIPE FITTINGS 12 pp. Explains the characteristics and 


advantages of air power and describes 
RESTRICTORS the three fundamental types of air con- 
LATERALS trol valves: The integral pilot operated; 


the remote controlled; and the direct 


BARBED HOSE STEMS operated. Colored drawings show con- 


struction; and operation is explained. 
HYDRAULIC ACCESSORIES 
(V-49) SELF-CLEANING STRAIN- 
ERS—S. P. Kinney Engineers, Inc., 
new products : Booklet, 12 pp. Senses tn operation 
of a self-cleaning strainer that will re- 
move fine suspended particles from raw 
NEEDLE VALVES or process water and dispose of them 
5000 PSI while still maintaining pressure. Opera- 
Compact, bar stock body tion pressures up to 250 psi, with pipe 
Use for shut-off or metering sizes from 2 to 36 inches. 
Tube or pipe outlets 


(V-50) SOLENOID VALVES—Skin- 
ner Electric Valve Div., Bulletins 501, 
505, 12 pp. The First covers the V-5 
valve, available in two-way normally 
BALL CHECK VALVES open; two-way normally closed; and 

the three-way two position ome Has 
cross-sectional views with specifications. 
Tube or pipe outlets No. 505 lists, with illustrations, other 
Fixed or adjustable spring two and three-way valves with maxi- 
loading mum operating pressure up to 150 Ibs, 
and includes all data. 


Line or angle 


* Compact, bar stock body 


(V-51) CHEMLON PACKING - 
Crane Packing Company. Bulletin T. 
SWIVEL ELBOWS 103, 12 pp. Describes a line of prod- 
1200 PSI ucts made from Teflon, a chemically 
libere ditun inert plastic having a wide range of 
E working temperatures. Used as a pack- 
Rotates 360 ing; as a gasket; for electronic insula- 
tion; and for non-stick uses. Specifica- 

tions given for each product. 


iini 


mm 


(V-52) RING-JOINT GASKETS— 
PIPE NIPPLES ASME, Booklet ASA B16.20—1952, 
Clean bore, seamless steel 12 pp. Complete title is, “Ring-Joint 
tubing Gaskets and Grooves for Steel Pipe 
* Drysea! NPTF threads Flanges." Covers types and sizes; ma- 
terial; dimensions, tolerances, and fin- 
ish; identification numbers; and mark- 
ing. Drawings show closeup view of 
gaskets and grooves 


Representatives in principal cities (V-53) HIGH-PRESSURE HY- 
WRITE FOR CATALOG 453 DRAULIC CYLINDERS — The S-P 
Mfg. Corp., Catalog 103, 10 pp. 

Covers a new line of space-saving, 

MANUFACTURING CO. high-pressure cylinders for working 
pressures up to 2,000 psi. Has illustra- 

8088 E. NINE MILE RD- tions, large cutaway views, and com- 

plete specifications for models avail- 
able in 11 bore sizes from 11/ through 


Cadmium plated 


VAN DYKE, MICH. 
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Moyno designed for pumping 
ethylene glycol, condensate 
from avtomatic driers, hot and 
cold water in dishwashers. 





Bronze and stainless steel 
Moyno as used in a drink dis- 
penser. Pumps walter af more 
than 100 p.s.i.g. 


Here's a compact version of a 
low head, smell displacement 
Moyno for accurate pumping of 
small amounts. 


General purpose Moyno for 
pumping oils, water, alcohols 
and caustics. 








Versions of this compact Moyne 
ere applicable as coolant 
pumps, shallow well pumps 
and booster pumps. 





Economical Moyno for the ap- 
pliance field, designed for use 
under flooded head. 


4 " 
d. 
|: 


BEFORE YOU "FREEZE" YOUR PRODUCT DESIGNS... 


| Read these FACTS abou? MOYWO PUMPS! 


One of these characteristics may 
improve YOUR product ! 


Versatile— Pumps liquids, pastes, 
abrasive-laden slurries. Adaptable 
to heavy industrial machinery or 
small drink dispensers, oil burners, 
dishwashers, sprayers, coolant 


pumps, etc. 


Positive Displacement — Moynos are 
available to pull up to 29” of 
vacuum while discharging under 
pressure. Big Moynos can deliver 
up to 250 gpm. Pressures to 600 
psi obtainable. Provide control 
lable, non-pulsating flow for meter 
ing purposes, in either direction! 
Gentle—No churning, foaming; 
won't break up semi-solids. One 
Moyno is pumping potato salad! 
Trouble-Free —Self-priming; won't 
cavitate or vapor-lock. Just one 
moving part—no valves to stick, 
no pistons to gum up. Low starting 
and running torque. 


What you see here are seven variations 
of a completely different concept of 
pump design ...the R«M "Moyno" 
Pump. It operates on a unique 
progressing-cavity principle, as shown 
by the large cutaway. 

But even more important than how 
it works is how it performs. A good 
example is the Bendix Economat 
Washer, on which Moyno Pumps last 
seven and a half times longer than any 
pump tried before! On other types of 
applications — pumping everything 
from water, air, and abrasive-laden 
liquids to heavy, non-pourable pastes— 


users find that the simple Moyno Pump 
design saves maintenance dollars! 

If you use pumps— and particularly 
if your pumping application is a little 
different —there's a strong possibility 
that the Moyno can add new features to 
your product. 


New Bulletin No. 50 has more facts 


mu 


Contains performance curves 


l 
l 


and details on pumping char- 


acteristics. Write for your free 


copy. If you can describe 


your application, we will be f 
able to reply in even more 


detail. 


J 


ROBBING = MYERS, mc. 


SPRINGFIELD 99, OHIO © BRANTFORD, ONTARIO 





Fractional & Integral h.p Electric 
Motors & Generators Fans 


— 
"eat i Ah) b s 1 
t ý € Ae 
Electric & Hand Moyno Propellair Industrial 
Hoists & Cranes Pumps Ventilating Equipment 









































Tke SIMPLER THE FILTER 
THE LOWER THE COST 


ann 
NOE Pu VII NUM 1 8e i a 


It seems hard to believe, 
e LOWER but you can actually 


have more efficient fil- 
= a 7 
ORIGINAL COST SS* tration at considerably 
lower cost if you simply 
use Bendix-Skinner rib- 


bon elements instead 

= of expensive and less 

e SIMPLE, INEXPENSIVE = = adaptable metal edge 
TO INSTALL 5$ or metal screen ty pes. 
— * Here’ s how it works— 


a Bendix-Skinner rib- 

bon elements are in- 

eNO EXPENSIVE BACK UP * € nsive to e gin 

with and can be in- 

‘ SUPPORT REQUIRED <> stalled at far less 
= $~ cost than metallic ele- 

E . m ments that require spe 
S cial back-up supports. In 

` * PERMANENT fact, in practically every 
TYPE = instance present metallic- 

es type elements can be 
< changed over to ribbon-type 


$ — with substantial aavines. 
- eHIGH FLOW RATE = i i i 


k Ribbon units are available 
( EITHER DIRECTION ) = in diameters from !5" to 6" 
SS in any required length with 


¥ Ro a filtration rated at 40 microns 


(.0016”"). 
* EASILY Our engineering department 
CLEANED 4—" will be glad to advise on new 
e installations or to furnish re- 
placement units in a variety of 
sizes. Write us for details. 


i= 


Performance Proven 
in millions of 
installations 


ORIGINATOR OF MICRONIC FILTRATION 
MM PM DIVISION OF Bendix 


1503 TROM AVENUE, DETROIT 11, MICHIGAN buts 
Export Sales: Bendix International Division, 205 East 42nd Street, New York 17, N. Y 


8 inches. Also has extensive pressure 
and flow data. 


(V-54) PNEUMATIC COMPARA- 
TOR GAGES—Moore Products Co., 
Bulletin 8005-S, 8 pp. Cutway and 
other drawings show the principle of 
Operation, installation, and mainte- 
nance. Photographs show use of differ- 
ent types of gages. 


(V-55) AIR CYLINDERS — Miller 
Motor Co., Bulletin A- 105G, 8 pp. 
Gives complete engineering, design, 
construction and mounting data in- 
cluding all mounting drawings and di- 
mensions tables covering 13 mounting 
styles in 11/, in. through 14 in. bores. 
Covers cushioned and non-cushioned 
cylinders, single and double acting, 
single and double rod end, spring re- 
turn and oversized rod cylinders. 


(V-56) HYDRAULIC CYLINDERS 

-The Miller Motor Co., Bulletin H- 
104 G, 8 pp. Gives complete engineer- 
ing design, construction, mounting and 
dimensional data covering a complete 
line of hydraulic cylinders for 2000 to 
3000 psi operation. Covers 13 different 
mounting styles in 11/, to 12 in. bores 
with a choice of standard leak- proof 
leather cup piston seal, piston ring 
piston seal, or lap fit friction free seal. 
Several cutaway drawings show assem- 


bly and parts. 


(V-57) PILOT MASTER VALVES 
‘Hannifin Corp., Bulletin 231, 8 pp. 
Describes and illustrates the various 
two, three, and four-way models of 
pilot-master valves. In the two- and 
three-way series, the spring return 
type and the pressure return type valves 
are discussed. In the four-way series the 
spring-return type and the momentary 
contact type valves are discussed. Speci- 
fications for all types are given. 


(V-58) UNIVALVES - Edward 
Valves Inc., Catalog 12-G1, 8 pp. De- 
scribes the univalve integral seat all- 
purpose forged steel valves rated for 
1,500 and 2,500 Ib. Has complete ma- 
terial specifications and detailed chem- 
ical analysis. Has cutaway view and 
photo giving step-by-step disassembly 
procedures. 


(V-59) RING PACKING—Greene, 
Tweed & Co., Bulletin, 8 pp. Specifica- 
tions of a packing used at pressures 
up to 15,000 psi, without the extrusion 
of the packing between the mating 
parts. Has illustrations and other details 
on design features, operational data, 
and installation procedures 


(V-60) AIR VALVES Valvair 
Corp., Booklet 15 M., 8 pp. Shows 9 
types of control assemblies using 5 
body types. Illustrated are the knob, 
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since 1914 


. wn 
row? , Wiscont 
ito 

Man! 


No. 
form 

tor castus for sizes. 

9 23. \able- 


SAFEGUARDING 
INDUSTRY'S 


ios 
Ponor 


for free catalog 104 
on Eastman Hose Coup- 
lings and Bulletins 231B 
& 232B on Straight and Since 1914 
Angled Adapter Unions. 


Dept. PE54, Manitowoc, Wisconsin 























RODUCTION 
EFFICIENCY 


Demands the BEST 


MONOPAK 
METALLIC 
PACKING 


Seals against 
Oil, Water, Brine, 
Air, Gases and 
Refrigerants 
Assures unexcelled durability . Burst-proof, does 
not blow out . . . Compact, easy to install. Low fric- 


tion insures long life. Adopted by hundreds of manu- 
facturers and users of machine tools. 


"SEAL-GUARD" 
METALLIC 
ROD WIPER 


Prot-cts Cylinder Rods, Machine Spindles, 
Guide Pins, Locating Pins . . . Affords pro- 
tection from falling or flying debris. Two 
flexible bronze rings mounted in synthetic 
rubber lift off harmful substances by means 
of knife-edged conicc! surfaces . . . Seif- 
adjusting through action of rubber on stag- 
gered scraper rings. Rod diameter sizes, 
15 to 10". 


MONOPAK-CARTRIDGE 
PACKING UNIT 


















For Pneumatic and Hydraulic Cylinders. Combines all necessary 
Packings, Bearings and Rod Wipers into One Compact Unit . 
Can be installed or replaced by inexperienced mechanics in a 


f-w seconds. Write for Literature 


HYDRAULIC ACCESSORIES CO. 


24301 Hoover Road Van Dyke, Michigan 







lever, cam, clevis, foot, treadle, cylin- 
der, diaphragm, and solenoid type. Has 
specifications and cutaway views. 


(V-61) ROTARY PUMPS—Geo. D. 
Roper Corp., Catalog 951, 8 pp. De- 
scribes models of rotary pumps having 
pressures from 60 psi up to 1,000 psi. 
Capacities of the larger pumps are from 
40 to 300 gal. per minute. The smaller 
pumps have ranges of from 54 to 50 
gal. per min. Complete specifications 
are given for each model, with cross 
sectional views showing new construc- 
tion features. 


(V-62) V-BELT PUMP UNITS— 
Tuthill Pump Co., Catalog 107, 8 pp. 
Complete specifications and operation- 
al data for a pump unit for handling 
heavy fuel oils arid other non-corrosive 
viscous liquids in circulating and trans- 
fer service. Used with motors up to 5 
hp, giving pressures up to 300 psi. 


(V-63) AIR & HYDRAULIC COM- 
PONENTS—Pathon Mfg. Co., Bulle- 
tin, 8 pp. Information on a line of air 
cylinders, hydraulic oil cylinders, and 
directional hydraulic control valves. 
Has illustrations and complete specifi- 
cations for the various types of mount- 
ings of the cylinders, and all technical 
data for the control valves. 


(V-64) SMALL VERTICAL PUMPS 

Allis-Chalmers Mfg. Co. Bulletin 
52B6975A, 8 pp. Describes construc- 
tion features of small vertical pumps 
for sidewall or submerged mounting. 
Units covered are available in capaci- 
ties to 250 gpm. at heads to 125 ft. 
for coolant circulating, air condition- 
ing, and other uses. 


(V-65) CENTRAL HYDRAULIC 
SYSTEMS — Greer Hydraulics Inc., 
Bulletin 900, 8 pp. Shows how to get 
more dependable, economical, and flex- 
ible central hydraulic systems. De- 
scribes and illustrates compression 
molding press systems, and compares 
weight-loaded and hydro-pneumatic 
accumulation systems. Has schematic 
diagrams for hookups for various con- 
ditions, and methods of calculation of 
accumulator capacity 


(V-66) CENTRIFUGAL PUMPS 
Pioneer Pumps & Mfg. Co. Bulletin 
160-26, 8 pp. Illustrates pumps for 
coolants, cutting oils, and similar jobs, 
and has line drawings and photographs 
of typical installations on many types 
of machine tools. Various types of mo- 
tor mounting brackets, self-priming 
auxiliaries, and seal and seal-less types 
of pumps are also shown. 


(V-67) BETTER GASKET SERVICE 
Chicago Gasket Co., Bulletin, 8 pp 
Entitled “How to get Better Service 
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AEROQUIP HOSE anp 


are MATCHED ror 


GUARANTEED PERFORMANCE 

























9 No skill or special training is required to 
assemble Aeroquip Flexible Hose Lines by hand 
in a matter of minutes! YOU CUT COSTS because 
Aeroquip fittings are detachable an may be 
used again and again. YOU REDUCE INVEN- 
TORY because with Aeroquip bulk hose and a 
few fittings you can fill practically all your hose 
line requirements. YOU REDUCE DOWNTIME 
because with Aeroquip on hand, quick hose line 
replacements are available at all times. 





Cut hose to 
length with hacksaw; Oil nipple and inside Screw nipple into Install fitting on other end 
screw into socket. of hose liberally socket and hose hose line is ready for use 


\eroquip 


AEROQUIP CORPORATION, JACKSON, MICHIGAN 


SALES OFFICES: BURBANK, CALIF. e DAYTON, OHIO + HAGERSTOWN, MD. + HIGH POINT, N. C. + MIAMI SPRINGS, FLA. 
MINNEAPOUS, MINN. « PORTLAND, ORE. « WICHITA, KAN. « TORONTO, CANADA 
AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN U.S.A. AND ABROAD 
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FOR PRESSURES UP TO 5000 P.S.I. 


HYDRAMITE 


IS TODAYS BEST PUMP... AND COSTS LESS 


IN THE FEW YEARS since the Hydra- 
mite Pump was introduced it has become 
the top choice for an ever-increasing 
range of hydraulically-operated equip- 
ment...and has unfailingly brought the 
efficiency and economy which are always 


AMERICAN ENGINEERIN 


associated with products of the American ER OR 
Engineering Company. 

The Hydramite Pump is available in a 
variety of sizes ... develops pressures up 
to 5000 p.s.i. It operates on any of the 
makes and viscosities of oil which are 
suitable for hydraulic circuits. 

* * * 

Write for folder giving full information 
on the unique Hydramite Pump...and 
call on AE engineers or representatives 
for recommendations regarding possible 


applications. 


WHEN IT'S HIGH PRESSURE, IT'S AMERICAN 


AMERICAN ENGINEERING 


COMPANY 
2501 ARAMINGO AVE., PHILADELPHIA 25, PENNA. 


IN CANADA: AFFILIATED ENGINEERING CORPORATIONS, LTD., MONTREAL 2, P. Q. 


SERVING THE HYDRAULICS INDUSTRY FOR OVER 30 YEARS. 


AE Products include: Hydramite and Hele-Shaw Fluid Power, Taylor and Perfect Spread Stokers, Marine Deck Auxiliaries, Lo-Hed Hoists, Lo-Hed Car Pullers 
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PROVIDES 
MODERN 
AUTOMATION 
Above: A typical Lehigh AIR MOTOR 


which combines o Lehigh Air Cylinder 
ond o Lehigh Air Volve 


EXPERIENCED ENGINEERING 
 PRECISION-BUILT EQUIPMENT 


For more than a decade, Lehigh air control 


AIR CYLINDERS engineers have cooperated with major 


Single and double acting manufacturers of production tools... have applied 
AIR VALVES practical "Air-Magination" to achieve faster operating 
Hand, foot and solenoid operated cycles, eliminate hand operations, improve 
COMBINATION 4-WAY VALVES accuracy, reduce fatigue and in general, 


With air gouge, lubricator, pressure improve production. This universal and 
regulator and strainer. 

AIR CONTROL PANEL UNITS 

For machine tools, special tooling 
and devices. 

AIR MOTORS 


For converting manually operated 
machines to avtomatic operation. 


"PNEU-LIFT" AIR CYLINDER HOISTS 


Bleeder type. For all 
materials handling. 


valuable experience is yours to command in 
any problem of automation. Your inquiry is invited. 


Catalogs and data sheets on request. 


Product Engineering — 1954 Annual Handbook 





WATERMAN 
RODUCTS 


M. 


l - E 
LLL jl e s T M by b 1l 


i 


URTERITRI 


ENGINEERING COMPANY 


725 CUSTER AVENUE + EVANSTON, ILLINOIS 


Kg 


From Your Gaskets," it answers ques- 
tions en: swelling, shrinking, harden- 
ing, burning, leakage, use of com: 
pounds, and other ideas. Gives 
dimensions, weights, and properties of 
materials. Shows cross-sectional views 
of various types of facing and gaskets 


(V-68) AIR PRESSURE REGULA- 
TOR—Fischer & Porter Co. Catalog 
29, 8 pp. Describes: the new constant 
pressure differential regulator, a unit 
used to regulate purge flows of liquid 
or gas, for liquid level measurement, 
or in dual arrangement for specific 
gravity measurement; and the instru- 
ment air pressure regulator. Has many 
illustrations, installation diagrams, and 
graphs. 


(V-69) SWING JOINTS Barco 
Mfg. Co. Catalog 400, 8 pp. Has illus- 
trations, -line drawings, and specifica- 
tions for single and double swing 
joints for oils, gasoline, water, air, gas, 
and chemicals. Schematic diagrams 
show typical loading and unloading 
line applications. 


(V-70) PUMP INSTALLATION— 
Viking Pump Co. Bulletin TS-3, 8 pp. 
Covering the problems of the pump 
installation, it contains information 
particularly applicable to the rotary 
pump. Has definitions and illustrations 
of types of head; discusses viscosity and 
types of liquids; pipe friction; suction 
lifts; horsepower; and materials. Has 
charts, curves, and diagrams 


(V-71) LUBRICATION FITTINGS 

Alemite Division, Booklet 22-188, 
8 pp. Has information on a complete 
line of lubrication fittings to meet mili- 
tary establishment specifications MIL- 
F-3541. Has illustration and engineer- 
ing drawings of all models, plus a 
cross-reference chart, giving current 
and former government fitting specifi- 
cation numbers. 


(V-72) MOLUB-ALLOY LUBRI 
CANT—Imperial Oil & Grease Co., 
Inc., Bulletin, 8 pp. Describes a new 
lubricant made in a range of types and 
weights from high quality hydrocarbon 
base stock, or synthetic or volatile base 
materials having micron-sized particles 
of metallic-solids added. One of the 
solids used is molybdenum disulphide 


(V-73) NONMETALLIC GASKETS 
-ASME, Booklet ASA  B16,21 
1951, 6 pp. Entitled “Nonmetallic 
Gaskets for Pipe Flanges.” Gives types 
and sizes, material, dimensions and 
tolerances, and formulas for determin- 
ing diameters. Table gives complete 
dimensions for gaskets for pipe flanges. 


(V-74) CLOSE COUPLED PUMPS 
Allis Chalmers Mfg. Co. Bulletin 
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DUDLEY V-9 PUMPS - SERIES 625 MOTORS 


b- 244 - 
















SPLINE | 1.062 PER AN-P- lib on 
KEYEO [ 1250 | €25 Di 187 SQ KEY | 


- 7 250 - 


p — 
wt | 
Lt. 


-1.500 DIA 9384-938 ~ 
094 PROJ 


V-9 MODEL 100: w.»P. 250 psi. M.P. 500 psi. 


For water, gasoline, light liquids. 


V-9 MODEL 101: w.». 1000 psi. 


For hydraulic oils only. 







OPERATING DATA — MODEL 100 





CONTINUOUS SERVICE INTERMITTENT SERVICE INLET: 1/2” 1.P.T. 
HEAD FT.(Water)| 20 | 50 | 100 | 150 | 200 | 300 | 400 | 500 | é00 | 700 | 800 | 900 | 1000 — 45° from axis of pump. 
PSI 9 | 22 | 43 | 65 | 87 | 130 | 173 | 217 | 260 | 303 | 346 | 390 | 433 OUTLET: 34" LP.T 


G.P.M 2.4 2.4 2.4 2.3 2.3 22 2.2 2.1 2.1 2.1 2.0 2.0 2.0 — 45 from axis of pump 


1200 





















a 
ei H.P. 4 4 4 D 4 4 3 Dr 2 2 E n 1 
23 | GRM. | 37 | 37 | 37 | 36 | 36 | 35 | 35 | 3.4 | 3.4 | 34 | 33 | 33, 33 | WEIGHT: Bronze body, 7'/, lbs. 
= e H.P 4 à D Ma D "s P à D 3 1 1 1” Aluminum body, 2?/ lbs. 
e= | GPM. | 76 |76 | 76 | 75 | 75 | 74| 74 | 73| 73| 73 | 72 | 72| 72 | SHAFTDIRECTION: Can be changed 
| $* | WP. 4 4| Vv rt wl at TQ I mI. P1 3 3 


readily merely by changing end 
caps from one end to the other. 
DUDLEY V-9 PUMP (Models 100 and 101) employs 9 sleeves which extend into MOUNTING: Standard AN Flange. 
each of the 2 cylinder blocks whose angular relation to each other causes Special foot mount with outboard 


the telescoping effect when the cylinder blocks are rotated. bearing can bo supplied. Adapter 
for attachment to any standard 
THE DUDLEY V-9 PUMP can be driven at speeds as low as 300 RPM or at speeds NEMA face else evallabio. 


to 10,000 RPM. Maximum pressure: Model 100; 500 psi. Model 101; 1000 psi. 
Working pressure : Model 100; 250 psi. Model 101; 1000 psi. 





-. 3 


- 64 
—J 7- SHAFT DIA 


9995 


Bud U^ 
— 2 PLACES 


DUDLEY SERIES 625 HYDRAULIC MOTOR — > 
ONRGOSEERSET 


NO PACKING REQUIRED: All working pressure is confined within 
the main body. A single oil seal works only against atmos- 
pheric pressure. No packing glands to keep tight. No loss of 
pressure or power. 

NO ADJUSTMENTS REQUIRED: Rotary Valve is self-adjusting for 
viscosities, temperatures and pressures. One-half turn of 
Nutating Plate assembly reverses direction of shaft rotation. 
FEWER WORKING PARTS—NO WEAR: No gears or vanes. No side 
thrust on pistons, therefore no cylinder wear. Drive shaft and 
Rotary Valve turn as a unit and are the only revolving parts. 


EASTMAN PACIFICCOMPANY a 


63000 


2320 EAST 8TH STREET * Phone: TRinity 6317 - LOS ANGELES 21 —— —— M 


fel Torti 
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“M-B”’ Automatic Air Line E E T e ES 
FILTER, REGULATOR 
TOR crim 4-TIE ROD DESIGN 


tH . . . 


“Your ‘Sentinel of the Air CYLINDERS, BOOSTERS, TANKS 


Line’ has been giving us 


very good service. We supplementing 044A. original 


have had no complaints 


at all and | trust that we ~PEMACO (internal keeper ring) CYLINDER" 


will be ordering more of 


The value of "M.B" Automo; Them in the near future." CYLINDERS 





Air Line Filters, Regulators and 


Lubricators is widely known for signed: A. E. Cranston, Sr. 


their effectiveness as a protec- 

tion to Air Valves, Cylinders, 

Pneumatic Tools, etc. Cranston Steel Strapping Co. 
Oak Grove, Oregon 


WRITE FOR E PRODUCTS 
LITERATURE 46 Victor Ave. 
DETROIT 3, MICHIGAN 


Use the PRODUCT INDEX 


To Find Information 
On Hundreds of Products 


PRESIDENT 

















16 standard mountings 

AIR—200 psi 

112-10” bores 

LOW PRESSURE HYDRAULIC—500 psi 
1!2"-10" bores 

HIGH PRESSURE HYDRAULIC—1500 psi 
12"-6' bores 

Ask for Catalog 20-53 


BOOSTERS 


4, 5, 6, & 8" power cylinder sizes—Up to 















2850 psi working pressure from a 100 psi 






















source— 


The PRODUCT INDEX lists, 


alphabetically, every advertised 









Circuit Types ... 
AIR to OIL, OIL to OIL, 
and WATER HYDRAULIC 


Single and double acting for single or 


product, and gives you page num- 






bers of the ads. The Index starts 


on page 14. 
dual pressure circuits 








Another index (page 16) names ——— 
all the companies whose products 


are advertised in the HANDBOOK, 


and tells you where to find their 
















TANKS 


ad Tie rod or welded types to specification 
ads. 






*On Pemaco Cylinders ask for Catalog 21-53 







For further data on advertised See 1953 Handbook for detailed information 





products, use the handy business 












reply cards following page 24. PETCH MANUFACTURING CO. 
Sales Office: 465 York St., Detroit 2 


Plant: South Shore Road, Alpena, Mich. 
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IN HYDRAULIC 


DUAL-VANE PUMPS 


Low vane-thrust and low resistance to rotation PLUS minimized 
slippage combine to give the greatest horsepower output for given 
horsepower input. The patented DUDCO DUAL-VANE construction 
reduces slippage to an absolute minimum by providing multiple 
vane sealing . . . permits greater loads at higher pressures. DUDCO 
Pumps with over 60 standard models, a broad selection of port 
locations and types of mountings give design engineers the posi- 
tive answer to fluid power requirements from 3 to 120 gpm at 
continuous pressures to 2000 psi. There are single Pumps from 
3 to 60 gpm and double models provide combined capacities from 
24 to 120 gpm. Here is compactness .. . over 100 hp in less than a 
cubic foot of space, rugged dependability in equipment supremely 
simple to service, and the most efficient fluid power units of their 
kind in the hydraulics field. 


* FULL HYDRAULIC BALANCE . . . shaft bearing loads, rotor side loads 
ond excessive vane-thrust loads ond resultant wear are eliminated 
in the DUDCO design. 


e HIGHER PRESSURES .. . 2000 psi continuous duty makes it possible 
to increase machine capacities using standard components. 


€ INTERCHANGEABLE CAM RINGS...onaobles users to alter the 
pump capacity simply by installing another size cam ring of the 
same series. 


Get the facts on DUDCO 
DUAL-VANE Pumps and Motors. 
Ask for Bulletin No. DP 300. 


DUDCO DIVISION 


THE NEW YORK AIR BRAKE COMPANY 





1712 EAST NINE MILE ROAD © HAZEL PARK» MICH. 
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The balanced DUAL-VANES (two independent 
vanes in each slot in the rotor) in DUDCO Pumps 
and Motors, as contrasted with conventional de- 
signs, maintain MULTIPLE AREAS OF CONTACT 
ON THE CAM RING... doubling the number of 
effective barriers to slippage and power loss. 
This is an exclusive DUDCO principle! 





DUAL-VANE MOTORS 


The unique DUAL-VANE design enables DUDCO Motors to convert 
fluid power to variable speed rotary power with unmatched effi- 
ciency. Power losses due to slippage are virtually eliminated by 
the multiple vane sealing. These motors develop starting torques 
as high as or higher than running torques. They will start under 
load and may be stalled without damage. Dynamic balance and 
the low vane-thrust make possible rapid acceleration and decelera 
tion . . . reversing is instantaneous. Over 25 standard models of 
DUDCO Motors are available to solve the problems of designers 
and engineers who must have a dependable source of rotary power. 
For continuous operation at pressures up to 2000 psi and speeds 
up to 3600 rpm, these Motors develop torques from 180 to 14,400 lb. 
in. .. . outputs, at maximum pressures and speeds, from 8 to over 
120 hp. 


a SERVICEABILITY ... simplicity of design makes servicing easy 
though seldom necessary. 


E3 LONG LIFE... rugged construction and minimized wear assure 
continued operation under the mest grueling conditions without 
failure. 


* ECONOMY ... the most economical source of variable speed rotary 
hydraviic power. 


DUDCO DIVISION 
THE NEW YORK AIR BRAKE COMPANY 
1712 East Nine Mile Road, Hazel Park, Mich. 


| Gentlemen : Kindly send me additional information on: 


| [_] DUDCO DUAL-VANE PUMPS [] DUDCO DUAL-VANE MOTORS 


| MEM ua oiim 


| UNE e ORT Lone ... State. 





















































ASTA 


Headquarters for Automatic Control Valves — Sole- 
noid and Pressure Operated — Standard, Explosion- 

Proof and Water-Tight Solenoid Enclosures—Packed 
_ and Packless—2-Way, 3-Way and 4-Way—Safety 
oe Shut-Off, Manual Reset— General Purpose—All In 
» A Wide Range Of Sizes and Materials of Con- 
X struction. Operating pressures up to 1500 psi— 
22 X higher on special order. Write us about your 
a 9 * requirements. Let us help select the control 

| best for your requirements. 


| 
* 1*7 fKulomatic Switch Co. 


tipp 
electrically 385 LAKESIDE AVENUE - ORANGE, NEW JERSEY 





The page at the left is from the ‘Table of Contents’ of 
our 70-Page General Catalog which gives full details 
of the broad line of ASCO Solenoid Valves. Send 
for a copy to have handy when working on the 
automatic controls of your design project. 


See Section [ for deta on ASCO Electromagnetic 
Controls such as Transfer Switches, Relays, etc. 
See front-of-book section for data on ASCO 

Complete Control Panels. 














Since 1888 Designers and Manufacturers 
of Electromagnetic Controls. 


Vacuum and Air Pressure Pump 


Oil-Free * No Lubrication. 

























The Dexter-Conde 
DRI AIR Pump 


is compact and  »« 


aic 
p 


cool-running 
* 


Vanes of carbon-graphite 





alloy provide own 


lubrication. 


Pump is built to close tolerances. Rotor is mounted on sealed 
ball bearings, completely separated from pump chamber 





Range 3.5 cfm. to 35.0 cfm. 


Speeds — 1000 to 1700 rpm. 








Three Sizes — cover practically every requirement. 


Widely used in printing and packaging machinery where not even 


the slightest oily contamination can be tolerated. 


Further information from 





Dexter Folder Company 
330 West 42nd Street, New York 36, N. Y. 
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One 
answer... 


HANNA 


for all 
three... 


The Hanna name is your assurance of 


Standard Hanna Cylinders— 
Matched to the Job! 


A choice of hydraulic and pneumatic cylinders to match 
your power and mounting requirements . . . to improve 
control and operation of machines and equipment . . . to 
replace or reduce manual operations. Hanna Valves pro- 
vide hand, foot, cam or pushbutton actuation; manual, 
semi-automatic, full automatic or remote control operation. 


money-saving engineering 


Nation-wide, on-the-spot 
Sales and Engineering Service! 





Hanna experts in cylinder power applications are always 
ready to help you select the best cylinder and valve com- 
bination for your special requirements, to see that you 
get the most value from your cylinder dollar. 


time-saving delivery service 
Planned Production Scheduling 
Assures Prompt Delivery! 





Hanna Sales Representatives located in principal cities 
throughout the U.S. and Canada can give you less than 
three weeks’ delivery on Hanna Cylinders. They carry 
a stock of Hanna Valves for immediate delivery. 


quality. It is backed by over 50 years of 
specialization on cylinders and control 
valves. It means economical cylinder 
power, dependable engineering help 
and prompt delivery. See your Classified 
Directory or your Hanna Catalog for the 
name of your local representative. -He is 


ready to help yousolve your power motion 
problems. Call him today! 





Hanna Engineering Works 


1763 ELSTON AVE. + CHICAGO 22, ILL. 


Write for free copy of 
new Bulletin 255 showing 
Hanna Cylinder Power in 
Action! 





HYORAULIC AND PNEUMATIC EQUIPMENT. ..CYLIND RS... VALVES... RIVETERS 
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with 
Pneu-Trol 


VALVES 
2000 and w IN AIR OR 
5000 (steel) P.S.I l HYDRAULIC USE 

Pneu-Trol Valves combine in a short, com- 

poct body, a tapered fine thread needle 

for extremely accurate oir or oil flow 

control and a floating retro ball check, 

which permits full flow in the opposite 

direction. Retro ball floats in most sensi- 

tive position to seat, requiring only o 

slight differential pressure to fully open 

or close it. Check Valve and Needle Valve 

incorporote’ single function features of 

Flow Control Valve. Ali volves available 

in 6 femole pipe sizes — Va" to 34 

Valve bodies ore made from brass, alum- 

inum, steel or stainless steel. Attroctive 

Prices immediate Delivery 

Write for Illustrated Circular and Price List. 


| es 
eee amass 


Pneu-Trol Devices, Inc. 
1428 N. Keating Ave., Chicago 51, Ill. 


NEEDLE VALVE 


RUTHMAN 


This bank of 
Sixteen Avey Drill- 


ing machines are all 


COOLANT PUMPS leno 


Pumps 


In choosing a coolant pump for your metal cutting 
machinery it pays to standardize on the best, a 
Ruthman Gusher Coolant Pump. Leading machine 
tool manufacturers have learned by experience 
that Gusher Coolant Pumps are precision built to 
eive better service, and greater production. That's 
why so many of them use Gusher Pumps exclusively 
on their machines. 

Always specify Gushe 


eliminate coolant prol ie 


h, 
THE RUTHMAN MACHINERY C0. 


1818 Reading Rood d; [ Cincinnati, Ohio 


You can get 
this year's 
HANDBOOK... 


if you aren't a Product 
Engineering subscriber, 
by subscribing now to the 
leading product - design 


engineering magazine. 


Twelve 
informative 
issues... 


of Product Engineering 
per year will enable you 
to keep abreast of every- 
thing new in your field. 
Every month, this publi- 
cation delivers the au- 
thoritative editorial cov- 
erage which makes it the 
design - engineers pre- 
ferred magazine - by 
making it more helpful 


and profitable to read. 


A new 
HANDBOOK 
every year... 


comes to you as an extra 
supplement to your regu- 
lar subscription, at no ad- 


ditional charge! 


Use the 
subscription 
cards... 


following pages B32 and 
H32 to start benefiting 
immediately from the fin- 
est available editorial 
service to you: Product 
Engineering and the an- 


nual H 4NDBOOK. 
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it’s these precision products 
for industry... 


5 
CLAMPS SPECIAL PRECISION DRIVES 


From our famous AERO-SEAL Hose Clamps An outstanding Breeze specialty is special- 
with precision worm gear drive—with scores of purpose mechanical drives and transmissions, 
industrial uses—to custom-built special purpose including Tee Drives, precision gear boxes and 
clamps to withstand heavy pressures, extremes torque tube drives . . . all types of electro- 
of temperature and vibration, and to resist mechanical actuators, built to meet rigid require- 
corrosion. Any design, any metal, any quantity. ments of aircraft uses. 


JOB ENGINEERED BELLOWS FLEXIBLE METAL TUBING — SHIELDING 


Breeze special-design welded diaphragm bellows For electrical shielding, conduits and ducts, 

function where ordinary formed bellows fail pressure lines, high and low temperature ap- 
. stand up longer under critical conditions plications. Material, shapes and sizes to your 

of heat, cold, vibration and pressure. As expan- specifications. This is our prime specialty. 25 

sion joints, steam lines, valve seals, pressure year’s experience. 

switches, flow control and other applications. 

Write for our form B-100. 


Breeze is an engineering and design organization, with superb 
manufacturing facilities for precision equipment and custom-built 
components. We invite any problem in product improvement. 


CORPORATIONS, INC. 
41 SOUTH SIXTH STREET, NEWARK I, N. J. 
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PUMPS 







e SINCE 1926 e in the application, design 


and Míg. of pumps—separators—hydraulic 
accessories. 


FLUID HANDLING 


EQUIPMENT 


Vacuums up to 28” of mer- 
cury; pressures wide range 
depending on cooling system. 


Ask for Bulletin A-1289 
^ * * e 


Designed for me- 
chanical suction 
and pressure re- 
quirements for the 
printing and pack- 
aging machinery 
fields. 
Ask for 
Bulletin A-1399 





OEM applications requiring 
specialized design for prob 
lem liquids. 


Ask fod Bulletin A-1344 
and A-1401 





Direct connected oil 
pumps for general 
pressure circulation 
of oil. High suction 
lift; pressures up to 
100 psi 





. ^ * E > e ^ * * ^ Ka 
Class 34 Circulators 


Enclosed impeller type centrifugal pumps with ball 
bearing design for both vertical and horizontal 
operation Ask for Bulletin A-1531 


General line of fuel 
oil pumps—direct con- 
nected for light oils, 
reduction for heavy 
oils. Also suitable for 
general industrial oil 
applications Sizes à 
l4" to 6". 
Ask for 
Bulletin A-1330 








Single and duplex strainers and 
filters—for both standard and 
high pressure installations 
Listed by Underwriters Labora- 
tories. 


THE KRAISSL COMPANY 


INCORPORATED 





299 WILLIAMS AVE., HACKENSACK, N. J. 
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52B6083A, 6 pp. Shows construction 
features in a large cross-sectional view 
of a new close coupled general purpose 1 
pump having capacities to 2,500 gpm 

at heads to 550 feet. Has packing or 

mechanical seal. Gives dimensions and 

other specifications. 





















































(V-75) HIGH PRESSURE TRIPLEX 
PUMPS — American-Marsh Pumps, 
Inc., Bulletin 22-295, 6 pp. Contains 
dimensions, capacities, cutaway draw- 
ings on pumps from 600 to 5,000 psi, 
or 1.1 to 16.5 gpm. Direct drive, and 
back-geared models are described for 
such uses as high pressure testing, high 
pressure boiler feeding, die casting, or 
pressure molding operations, and 
others. 


(V-76) HYDRAULIC CYLINDERS 
Hanna Engineering Works, Booklet 
6 pp. Titled “Cylinder Power in A 
tion” it illustrates 16 cylinder power: 
movements and shows 21 actual appl 
cation photographs in addition to de 
scribing how cylinder power can 
utilized to speed production on all 
types of machines and equipment. Also 
illustrates several hydraulic and pneu 
matic cylinders and manually 
electrically operated control valves 


(V-77) GATE VALVES Edward 
Valves, Inc. Catalog 12-E, 6 pp. Com 
plete information on a new line of cast 
steel gate valves, with details of design, 
material specifications, pressure and 
temperature ratings, and dimensional 
details and weights. Valves are in 300, 
600, 900, and 1500 Ib. sp classes, and 


) 


in sizes from 214 in. through 





inches 


(V-78) MOLDED CUPS—The Gar- 
lock Packing Co. Booklet, AD-145, 6 
pp. Contains illustrations of the vari- 
ous types of molded cups for pump 
pistons, hydraulic service data, and a 
complete list of sizes and part numbers 
Typical applications are also shown 





(V-79) AIR VOLUME BOOSTER 
Kendall Controls Corp. Booklet 4522- 
A, 6 pp- Describes a precision high- 
capacity air volume amplifier, designed 
to speed up response in pneumatic line 
valve motors and air cylinders. Large 
cross-section drawing shows construc- 
tion and curves show booster perform- 
ance 


(V-80) MAGNET SEPARATOR 

S. G. Frantz Co. Inc., Bulletin 82, 
pp. Complete information on the Fer- 
rofilter permanent magnet separator, a 
unit designed to remove ferrous par 
ticles from circulating lubricating sys 
tem; hydraulic oil lines; and from 
coolant systems. Has many illustrations 
and cross-section views. 






















You can design better piping into any product . . . faster .. . when 
you specify from your Crane Catalog. Here, between two covers, 
you'll find the world's most complete assortment of quality piping 
materials—carefully arranged for convenient selection. And for 
every piping item there's a full listing of recommended services; 
complete design, material, and construction details; plus helpful, 
easy-to-use pressure and temperature rating tables. In addition, 
your Crane Catalog answers general engineering questions con- 
nected with designing efficient piping systems. 

Specifying Crane gives your product added value, too. Now 
that replacements are harder to get, your customers realize more 
than ever the advantages of dependable, longer-lasting Crane 
Quality equipment on the machinery they buy. 


E FOR A BIGGER SELECTION OF BETTER PIPING 
... CHECK THE BROAD CRANE tine 


ANGLE GLOBE 
VALVES ge VALVES 
Baro.” 






RELIEF 
VALVES 







BOLTS AND | 
GASKETS | 


] 


SEDIMENT 


SEPARATORS 


E SY 


RANE CO. 
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Key to better piping design... 
your easy-to-use CRANE Catalog 


FOR RUGGED, DEPENDABLE 
service on steam, water, oil and 


gas lines—Crane recommends 
150-Pound Brass Gate Valves 
with accurately guided solid 
wedge disc. Tight stem seal as- 
sured by high quality stuffing 
box packing and gland; can be 
repacked under pressure. Rising 
or Non-Rising Stem; screwed or 
flanged ends. Sizes: /% to 3-inch 


Steam Generator by 
Clayton Manufacturing Company, 
El Monte, California 


General Offices: 

836 S. Michigan Ave., Chicago 5, Ill. 
Branches and Wholesalers Serving 
All Industrial Areas 


VALVES * FITTINGS * PIPE * PLUMBING * HEATING 


Jo! 











Marion-built power shovels must 
stand up to the most rugged kind 
of work . . . and demand the 
closest attention to every design 
feature that will keep them pro- 
ductively on the job. In our con- 
stant search for ways to make 
Marion shovels still better, | know 
of no other publication in which 
we find so many useful design 
ideas and component sugges- 
tions as in Product Engineering. 


HI 


] 


Hiii 


Adrien F. Busick, Jr. 
Vice President of Engineering 
Marion Power Shovel Company 


THE MEN WHO DESIGN 
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He Designs Power Shovels 


HE READS PRODUCT ENGINEERING 


- » « and when you want the interest and attention of 


Bilt 


design-engineering leaders everywhere in industry, you 
concentrate your advertising in Product Engineering 


You concentrate your advertising here because this is the only design-engineering 
magazine that delivers 24,000 ABC-audited, paid subscribers . . . . and has the 
editorial leadership which attracts such a self-elected, management-concentrated, 
steadily growing audience of product-design engineers. 


Over 800 advertisers and their agencies know how much sales power is 
generated by Product Engineering's exclusive combination of editorial and paid- 
circulation leadership. Every year, they invest far more advertising pages and 
dollars in Product Engineering than are entrusted to any other design publication. 


In 1952, Product Engineering carried 1,330 more advertising pages than any 
other design publication. Among America's leading agencies, the preference for 
Product Engineering was equally decisive. Of the 50 agencies that placed the most 
advertising pages in business and industrial magazines last year, every one that 


placed space in the design-engineering field used Product Engineering to sell its 
clients' products. 


Very clearly, when you want more business in the $26-billion Original Equip- 
ment Market, Product Engineering offers you the proved advertising values of 
leadership and outstanding advertiser acceptance, Our nearest representative 
will be glad to give you all the reasons why. 


ka . 
NP cf a L POR 7 
A McGraw-Hill Publication MEC 
McGraw-Hill Building, New York 36 AU ee 
— "Em 


DISTRICT OFFICES: Atlanta 3 * Boston 16 * Chicago 1] is i 
Cincinnati 8 * Cleveland 15 * Dallas 1 * Detroit 26 

Los Angeles 17 * New York 36 * Philadelphia 3 

Pittsburgh 22 * San Frencisco 4 


d 


AMERICA’S NEW PRODUCTS READ PRODUCT ENGINEERING 


Product Engineering — 1954 Annual Handbook J 103 





The reason more 


product-design engineers 
subscribe to 

Product Engineering 
than to any other 
design magazine 


in the world... 


PUBLISHING’S MOST COMPLETE REPORTING 
ON NEW AND SIGNIFICANT DEVELOPMENTS 
IN PRODUCT DESIGN 


Produc; Eng 
OC ring 


Now including the only 


Annual HANDBOOK of Product Design 


Product Engineering — 1954 Annual Handbook 





